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ABSTRACT 


The helminths of adult lesser snow geese (Chen 
caerulescens caerulescens), white-fronted geese (Anser 
albifrons) and Pacific brant (Branta bernicla nigricans) 
from the Anderson River Delta, N.W.T. were reported. 
Thirty-two species of helminths were recovered with 15 
species being reported for the first time from snow geese, 
4 reported for the first time from white-fronted geese 
and 16 for the first time from brant. Fifteen species 
were "common" (present in all species or in at least 25% 
of at least one species) in the geese. The effect of the 
grazing habits of the geese on their helminth faunas was 
discussed. 

Seasonal variations in the abundance, structure 
and diversity of the community of helminths in adult snow 
geese were examined. Included in this portion of the study 
were breeding, migrating and wintering birds. The community 
was dynamic; most species were "ubiquists" or "migration" 
forms but showed various patterns of variation in abundance 
with season. Factors important in determining the various 
patterns of seasonal abundance were discussed. Nematodes 
Haninated the community at all times of the year. Cestodes 
were found in significant numbers only on the breeding 
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grounds. Trematodes were poorly represented but were 
most prominent in migrating birds. 

The acquisition of a community of helminths by 
young snow geese was followed by sampling young birds on 
the breeding grounds, on the fall migration route and on 
the wintering grounds. They began to acquire helminths in 
their first week of life and continued to do so until mid- 
winter when the last samples (from the wintering grounds) 
were examined. Their fauna of helminths became more 
Similar to that of breeding adults as the young approached 
the wintering grounds. A major factor in this convergence 
was the acquisition of a nematode fauna characteristic ae 
the adults. Young birds were not generally more heavily 
infected with helminths than were adults, nor did they 
acquire Many -parasites not’ recovered from adults, 

The majority of the exchange of helminths among 
anseriformes on the Anderson River Delta occurred between 
geese and involved common species which may be considered 
typical of geese. Snow geese and their young, as the most 
abundant host groups, played central roles in the circula- 
tion of helminths. Brant were important in introducing 
species of helminths to the delta which were thereafter 
circulated through snow geese. The importance of the 
degree of association between host groups on the delta, 
and on migrations, and the influence of habitat preferences 
of the geese on the exchange of helminths between them and 


other host groups was discussed. 
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INTRODUCTION 


The parasites of anseriformes are numerous and 
extensively studied (McDonald, Wee ey In recent years, 
a few authors have studied the helminth populations of 
particular waterfowl species, or groups of species using 
the same area to breed and raise their young, as a unit, 
recognizing at the same time that parasites exhibit 
varying degrees of specificity, to their hosts and that 
host and environmental factors affect the success of 
particular parasites differently (Wisniewski, 1958; 
Cornwell and Cowan, 1963; Buscher, 1965, 1966; inter 
ae A complex of interacting factors have been 
implicated in determining the nature of the helminth 
faunas. such factors as the age or sex of the host, 

Zopa habits, variation in the abundance or nature. of 
invertebrate populations, and the season of the year have 
been considered to be particularly important. Bykhovskaya- 
Pavlovskaya (1962), Dogiel (1964), and Buscher (1965) have 
shown, mostly in general terms, that migration is a sig- 
nificant factor. Only Buscher (1965) has characterized 

the helminth faunas of specific hosts on the breeding 
grounds, migration route and wintering area. 
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Further studies, which could provide comprehensive 
data about the parasites of a population of birds whose 
breeding: wintering and* migratory distributions could. be 
delimited and the changes in parasitism with age, season 
and location could be monitored, are needed. Arctic- 
nesting geese provide such populations. . This study was 
undertaken in ee eee Ofpel 967 einj.an attempt to provide 
that type:‘of data. The first objective of the study was 
to survey the helminths of geese breeding at Anderson 
River, N.W.T. The~lesser snow goose (Chen caerulescens 
caerulescens) was the major host considered, but the white- 
fronted goose (Anser albifrons) and Pacific brant (Branta 
bernicla nigricans) breedmunene cin,substantial jnumbers 
and were included in the study as well. Other objectives 
were to characterize the seasonal variation of the hel- 
minths in lesser snow geese (considering the effects of 
migration and wintering as Wed dds, to. follow, the. acquisition 
of helminths by young snow geese, and finally, to investi- 
gate the degree of exchange of helminths among the geese 
(and other anseriformes) on the Anderson River breeding 
grounds. 

Methods of community analysis used extensively in 
other branches of ecology (rode. Macfadyen, 1964), have 
been used infrequently in ecological parasitology. Only 


Holmes and Podesta (1968) have considered the entire 
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helminth community of a group of hosts (wolves and coyotes) 
as something other than a set of independent populations 
of different species of helminths... Populations of, differ- 
ent helminths coexisting in a-host. can be expected to 
make wp a community having a measureable structure and 
GiversieLy, properties. which are nonexistent in populations 
of. a single species. The great majority of parasitologi- 
cal investigations have provided inadequate data on 
abundance, even for populations of individual species, 
have entirely Vase community structure and have used 
the number of species of parasites present as the only 
measure of diversity. An analysis of the helminth 
faunas of geese with an emphasis on the overall faunas 
(regarded as communities) would be particularly instruc- 
Pues mtai that comparisons of the. faunas» of different 
Dopve, Or or the fauna, of one bost at different. times. of 
the year, would be more meaningful than a simple comparison 
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Il. HELMINTHS OF ADULT GEESE AT THE ANDERSON RIVER 


DEER, IN Wels 
Introduet Lon 


Little is known about the parasites of natural 
populations of geese. In°North” America, only the Canada 
goose (Branta canadensis ) has received much attention, 
mostly in work done on wintering populations (Herman and 
Wehr, 1954; Herman, Steenis and Wehr, 1955; Hanson, Levine 
and Kantor,’ 1956;°Hansen, MCNeGTI” *and”-Priebeés:1957; Hanson 
and Gilford, 1961). Most of these authors were concerned 
with specific parasites (primarily Amidostomum anseris) 
and do not provide data concerning the entire populations 
of helminths in the’ geese. “Nevertheless, this work, and 
that of others (Schiller, 1954; Wehr and Herman, 1954; 
Leiby and Olsen, 1965), has raised the question of the 
loci of transmission of parasites of geese (and migratory 
birds in general). It was the opinion of most of these 
authors that parasites were probably contracted: in 
northern breeding areas, the arctic or sub-arctic regions 
Lf pak LouLlar, as Opposed” vo" the’ wintering’ grounds’ 
However, only Schiller (1952, 1954) and Holmes and Colbo 
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(1970) have provided information as to some of the para- 
sites which infect geese in arctic breeding areas. 

Records of parasites occurring in snow geese, 
white-fronted geese and brant are scattered throughout 
the literature, representing records from few birds 
taken over widely. separated, geographic areas. AS a 
result of Asian or European work, white-fronted geese 
are recorded as hosts of 41 species of helminths (14 
trematodes, 13 cestodes, 14 nematodes) (McDonald, 1969b). 
Snow geese and brant, on the other hand, have been 
Sruded., Only. rare liy,..and,.are,hosts,ofe 22 (8 trematodes, 
3 cestodes, 11 nematodes) (McDonald, 1969b; Holmes and 
Golbo,-19,.70,), and. 12 (7) trematodes, 4, cestodes, 
1 acanthocephalan) (McDonald 1969b) species of parasites 
respectively.» this study provadedjany opportunity to 
obtain adequate. samples ofthese geese from their arctic 


nesting, 2rounds;, on the, Anderson, River; Delta. 
The Study Area 


The Anderson River Delta (69° 4o' Nn, 129he Obed W) 
supports large populations of lesser snow geese, Pacific 
brant, white-fronted geese, whistling swans (Olor 
columbianus ) and various ducks and shorebirds. The 


Anderson River Migratory Bird Sanctuary was established 
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6 
there in 1960 and the Canadian Wildlife Service has main- 
tained a well appointed field station on the east bank at 
Krekovik Landing ever since. The delta has served as the 
study area for long term studies of the general biology 
of the geese nesting there (Barry, 1967); 

The northern limit of the treeline extends a 
considerable distance downstream in a narrow band along 
tie panks ol the Anderson River, so that subarctic taiga 
exists only forty-four miles upstream from the mouth. 
Extensive willow flats are found along the banks (and on 
upstream islands) from here northwards to the mouth of 
the river. These flats afford abundant nesting cover for 
Mee er eonted geese. As a result, snow geese and brant, 
nesting at the mouth of the river, are in close contact 
with nesting white-fronts (Barry, 1967). 

The geography, flora and fauna, and history of 
prior study at the Anderson River Delta have been des- 
cribed in detail by Barry (1967). He divided the delta 
tno) Len feopraphacal—floristic zones, of which four are 
Of Major ainportance to the geese nesting there. . Figure 1 
Pewaidap ot the delta delimiting these areas. the outer 
delta consists of a number of islands and mud bars con- 
stituting the newest and lowest part of the delta. It is 
frequently inundated with brackish water during storm 
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species of plants. Pacific brant nest in this zone, with 
some snow geese using the higher portions. 

The middle delta is composed of the older, higher, 
drier, more southerly parts of the delta islands, which 
are characterized by low cutbanks rather than the marshy 
or muddy flats of the outer delta. Nests of the snow 
fecse are concentrated in this area. 

The inner delta. consists mostly of the flat 
marshy prairie of the mainland. It is characterized by 
its many lakes, ponds, sloughs and poorly drained marshes, 
and has a lush vegetation. This area (and areas further 
upstream) are favored by nesting white-fronts. Moulting 
snow geese and brant (and their young) also use this zone, 
particularly the Needy asta Loon Channel. 

The tributary streams draining into Wood Bay are 
used to a certain extent by nesting white-fronted geese, 
bULepritari tly as moulting and feeding places by all three 
species of geese after the young have hatched. 

In general, the circumscribed area, the concentra- 
tions of three species of geese in relatively close 
association, the availability of the field station, and 
Pie prLor Studysol the geese in the .area, made at an 
ideal location for a parasitological investigation of 


arctic-nesting geese. 


Figure 1. Map of the Anderson River Delta [reproduced 


from Barry (1967) ] 
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The Geese of the Anderson River Delta 


The following notes concerning the distribution 
and biology of the geese of Anderson River are taken 
from Barry (1967), supplemented by my own observations. 

The Anderson River population of snow geese forms 
one of two major satellite colonies of the large Banks 
Island colony (150,000 birds). The latter is one of the 
two major contributors to the Pacific Flyway population 
Of sfiow geese. The other major contributor is the colony 
on Wrangel Island, (350,000 birds) in the U.S.S.R. The 
Anderson River portion of the Pacific Flyway population 
of snow geese winters in the Sacramento Valley of California 
and the western states of Mexico (Figure 2). 

The spring migration of snow geese begins at a 
leisurely pace, following the northward advance of the 40° 
isotherm until they reach central and northern Alberta, 
sume April twentieth. Their pace quickens after this 
and, in their final push northward, they overtake the 
progress of spring thaw. They use Hay Lakes, the Slave 
River Delta, and runoff channels on the Mackenzie and 
Anderson Rivers as favorite staging areas before continu- 
atie' on to ‘thie Anderson River Delta. When they arrive on 
the delta, between the fifteenth and twentieth of May, 


their nesting sites are not yet cleared of snow and little 


LO 


Figure 2. Distribution and migratory routes of the geese 


of Anderson River, N.W.T. WY 


snow geese: wintering. area; a) 
migratory route. <> 

Whi te—frowved feese: wintering area; © 
migratory route <> 

Pacific brant: wintering area; X 
migratory route A 
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(reproduced from Barry (1967)) 


Lah 
food is available. The metabolic demands of waiting around 
on the snow until nest sites become available, of nest 
initiation, territorial defense and egg-laying are met by 
mobilization of the extensive fat reserves acquired during 
migration. (They, are,in the .best condition of the year 
upon arrival at Anderson River.) Weight losses are in- 
curred,.by,both sexes.during; this .period...This,,loss 
continues,in the females, until.after the,hatch at,the.end 
of June and early July. Males regain some weight during 
the Latter half of), the.incubation. period, when theywireed 
on new plant material. After the hatch, the geese abandon 
the nesting islands for favorite feeding and moulting 
Pewee tUeaiLne .inner, ang ,ourverydelta, wewlhneyaresin frequent 
close contact with other geese, particularly, brant, and 
their.young,. during this.period.. Males),lose, some, weight 
during the early part of the brood rearing period. .How- 
ever, all geese, including the young, gain weight very 
rapidly and are flying by about August twentieth. They 
soon leave the Anderson River Delta for feeding and 
staging areas on the north-western edge of the Mackenzie 
Delta.vsthe,length.of, their,stay there is,variable, 
depending on the weather. Migration southward basically 
igpascretracing:of,the;,spring;route. Although they spend 
a fair-amount of time feeding in the fields of central 


and southern Alberta and Saskatchewan, they move southward 
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much more rapidly than they move northward in the spring. 

The Anderson River population of white-fronted 
geese are part of the Central Flyway population, wintering 
along the Guif of Mexico in*coastal areas of Louisiana, 
Texas and east central Mexico (Figure 2). Their distri- 
bution in winter overlaps that of snow geese from the 
Eastern Arctic, but not that of snow geese from the 
Western Arctic. “Their spring migration follows the Great 
Plains east of the Mississippi to west-central Saskatche- 
wan and eastern Alberta, which they reach by early May. 
From here northward,:-their-route/’overlaps that’ of’ the 
Anderson River population of snow geese. They use many 
of the same staging areas. From these areas the white- 
fronts fan out over the willow tundra north of treeline 
to nest. The Anderson River-Liverpool Bay white-fronts 
seem to be separated from other nesting concentrations of 
white-fronts by extensive stretches of unsuitable habitat. 
They are the most numerous goose at Anderson River (about 
Ag pre] 4) birds) but they nest in scattered groups so their 
Peruraciroyw 1S lot the mosc dense,” “Their nests are 
scattered in the heavy willow cover of the inner and 
middle delta and upstream on the Anderson River. The 
details of their nesting activities are similar to those 
of snow geese. They are ready to leave the nesting 


grounds at about the same time. Their southward 
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migration retraces the spring one except that the 
Kindersley, Saskatchewan area is the only major staging 
area used in the fall. 

Pacific brant winter in coastal California and 
Mexico (Figure 2). The coastal location of brant would 
preclude any extensive contact with snow geese. In the 
spring they migrate at a leisurely pace along the Pacific 
Coast to Vancouver Island. From here they either skirt 
the Alaskan coast or cross the North Pacific and the 
Gulf of Alaska to Izembek Bay, where the entire Pacific 
brant population gathers by early May. Some of them nest 
on the Yukon-Kuskokwim Delta, while others go along the 
Arctic Coast to Anderson River and points as far east as 
Queen Maud Gulf. They nest on the low islands of the 
outer delta at Anderson River, mingling with a few nesting 
snow geese. They begin nesting somewhat later than do 
snow geese and, because of the uncertain condition of 
their nesting habitat, are somewhat less synchronous in 
their breeding activities. After the hatch (which may be 
spread out over ten or more days for the whole population) 
brant move to the outlying creeks and channels where they 
mix extensively with moulting snow geese and their young. 
Fall wisration M's' a reversal of tthe) spring ‘route. ' ‘The 
entirely coastal migration pattern of brant enables them 
to ‘take advantageof cthe food) ‘and shelter: afforded ‘by open 


Wayes*on the Arctic and Pacific Coasts. 
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Materials and Methods 


Complete necropsies were performed on 177 adult 
lesser snow geese, 41 adult white-fronted geese and 65 
adult Pacific» brant, all collected,on the Anderson River 
Delta. All birds were shot; all were examined within 
eight hours of death. Birds were usually collected in 
lots of eight so that those not examined immediately were 
either placed outside (where it was usually very cool) or 
in barrels dug into the permafrost. Conventional methods 
of examination were used. 

TrematodesoandacestodesswererreLaxed »inicold 
water and fixed in alcohol-formol-acetic acid (A.F.A.). 
Nematodes were fixed in hot 5% glycerine in 70% ethyl 
aicohoL: eTissue to be sectioned was fixed in Bouins! 
PL4I.-G. 

Conventional methods of preparation and examina- 
tion of specimens were used. Blachin's lactic acid 
carmine stain (Reichenow, et al., 1952) (used with un- 
fixed material) stained the genitalia and ducts with a 
charity’ given iby nosotheremethod.,. It.was,especially use- 
ful for large, heavy-bodied cestodes or large trematodes 
such as Zygocotyle lunata, but was unsatisfactory for 
small, thin worms due to excessive shrinkage and curling 
of the strobilacand loss of; rostellar hooks or collar 
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The nomenclature of McDonald (1969b) has been 
adopted, using Spasskaya's (1966) nomenclature for the 
Hymenolepididae. The monotypic genus Anserilepis has not 
been used; instead, I have used Drepanidotaenia barrowensis. 

In computing indexes of similarity, the number of 
worms of each species of helminth recovered from a sample 
of geese was converted to a percentage of the total 
Hivtber ol worms of all species. (This percentage is 
termed the "importance value".) This was done separately 
for each species of goose. An Herd oe Of ssiuiLara iw of the 
helminth faunas of two species of geese was calculated as 
follows: the "importance values" for each species of 
helminth common to both geese are compared and the lower 
of the two values taken; the sum of these values is the 
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Results 


A total of 32 species. of helminths Ce trematodes, 
15 cestodes, 10 nematodes) were recovered from adult 
geese at the Anderson River Delta. Twenty-four species 
(4 trematodes, 11 cestodes, 9 nematodes) were recovered 
from lesser snow geese, 15 fe trematodes, 6 cestodes, 7 
nematodes) from white-fronted geese and 22 species (44 


trematodes, 12 cestodes, 6 nematodes) from Pacific brant. 


4 ; nd 1 
(S001) bipiwaloh tg lah ale tiaa) ah 


é | aoe Mi : 


finocl es | 
- 
9 
_* 


ets ve) Oth ollomon | 4) ce as eestecade ee 


P : s4 : nm ayiris 11.4977 Ono oft. . Sisth iste 7 
1o4 jones is SL 4 oe ; > ) 
aw bend tail ier ooes oven onan 8 - 
. | ; ; ee 7 
; , : . - 7 : 
i} ci ' { ; ee Paine 9) ‘a4 i a StL Sa peg ae Aa ; 
a - 
LG + mol Gor : mist lo aeobesde. done los 
PAULING, o) mu a 
“| 
tetow ant Lo ow if ' »« OF betiuavaelo® 20W Baer 
; rao tT ) jooue tie do anger 264% 
- 4 oe = 
vie + ’ noah 40W ; \ oii GY sored teqh" od oe T 
7 7 *. 7 
a 44 ’ a 4 | Ves ; 92005 bo aoai jorge LO£ 2] | 
* s | 5 ; “f : = 
ee | ) 4 : ’ ’ | if) =m ity? 7 ") al : ‘ - i ~ ( yw t oO F. rind 
‘ye lov utaasrogmd” ent 
Lo oo? he aff: i be eh q 
sawei aft ivti no ee) itod of» nemteg 
J : : 7 
(fate +4 
oad “24 ininyv ; 74) sitegtss eats Lay = 


Lyantihne 

Vi LIAR cn Dae 

4 c ate — 
. sl 

| ear. wk 7 


» Rabo ds others? ,) 2f3 cimPouk Vo, evipeqea SO) ay Suter 


4, 


a 


éiuby mony borovos0% ovow (a5 BE hates = 
| y 


gekgoqge weot-yonoNT. .ationd uwovbl a ml 


The a cee Lees oud Ae Sho iemen ee ko 7 
5 Me 7 


¢ “enhotean & ,eobodAmen? S) <i 5 ski 


We) aakarige 4S bates. | jay badwout= aie — 
q- 


4 ed town kr sont ‘mel (ernotcnen 4, =f 


jVareraute 
oe = 


pits ity 


16 
Table 1 summarizes the data and gives taxonomic citations 
for each species of helminth recovered. Fifteen species 
of helminths from snow geese, four from white-fronted 
geese and sixteen from brant constitute new host records. 
Three species of helminths are reported from North America 
fom tne first time. 

Capillaria sp. and Tetrameres sp. provisionally 
are considered new and will be described elsewhere. 

Retinometra longivaginata was considered to be 
insufficiently described by Joyeux and Baer (1936); 
material from this study agrees with the fragmentary 
published descriptions (see Spasskaya, 1966). A more 
complete description of this worm will be presented else- 
where. Worms Mecienated Hymenolepis sp. could not be 
identified further, since no mature specimens were avail- 
abe. This species was present only in brant and only in 
the first few weeks after their arrival at Anderson River. 
Ten rostellar hooks of the "diorchoid" type, 0.029 mm in 
length, were present but are insufficient to identify the 
species. 

A single specimen of Ornithobilharzia pricei was 
“ecovered| from)a Paciftzc brants?- Ine characteristics of 
the worm agree in most respects with Wetzel's (1930) 
original description. ~.In Wiew#of the variability noted 


by Ulmer and Vande Vusse (1970) in Dendritobilharzia 
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20 
pulverulenta (Braun, 1901 )}i, the smaller size ebsites 0.26 mm 
compared to 5.3 ~ O.2 x 0.6°— 0.025 mM in’ the original 
material ) and the slightly greater distance between 
suckers (0.42 mm, compared with 0.232 - 0.300 mm) in this 
specimen are considered to be within the normal range of 
Metashagi itr the species. 

Table 2 gives the proportions of trematodes, 
cestodes and nematodes in the entire sample of worms from 
each host species. .~.Nematodes made up the greatest pro- 
Porvron i abl ™three géeése but were least predominant in 
brant. . Brant had the greatest proportion of cestodes. 
Trematodes made up very low percentages of ea vote ae 
ea. SIOStS. 

Nine species of helminths (1 trematode, 4 cestodes, 
4 nematodes) were present in all three geese although not 
in equal numbers (Table 1). Another eleven species 
(1 trematode, 6 cestodes, 4 nematodes) were recovered 
from two of the three geese. All but one of the latter 
group (Wardium creplini) were present in snow geese, 

Severn were found in brant, and four were recovered from 
white-fronted geese. These shared species of helminths 
were the basis of the indexes of similarity, which compare 
the total helminth fauna of one goose species to that of 
the others. These measures showed that the fauna of 


lesser snow geese was similar to that of the other host 
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Table 2. Composition of the helminth fauna of geese 


at Anderson River. 


Host Snow geese White-fronts Brant 
N 7? AL 65 
Number of species 24 D5 2k 
Total no. of worms 5554 i170 S822 


Percent of total 
comprised. by: 


trematodes ved 5 5 
cestodes ao 16 39 
nematodes a 79 56 


species (41% similar to the fauna of white-fronts, with 
13 shared species; 40% similar to the fauna of brant, 
with 15 shared species), but that the faunas of brant 
and white-fronts were relatively dissimilar (20% similar- 
ity, 10 shared species). The greatest contributors to 
the indexes of similarity were the nematodes (e.g., 

36% out of the 41% similarity between the faunas of the 
snow geese and white-fronted geese was contributed ae 


the nematodes they shared). 
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Fifteen species of helminths (14 in snow geese, 
Il” in whete-—-Lronts,—-L3-—in brant ) wene- 'ocoinnon,—that-—-2s, 
were found in all three species of geese and/or were 
present in more than twenty-five percent of at least one 
species of host (Table i, iundicated*by the™'symbol, +), 
Two of these species were found in more than twenty-five 
percent of all three hosts, Tour’ were in-more- than 
twenty-five percent of two of the hosts, and seven were 
in more than twenty-five percent of one of the species of 
geese. These species of helminths made up ninety-nine 
percent of the total number of worms in snow geese and 
white-fronted geese, and ninety-six percent of the total 
in brant. The other ten species of helminths in snow 
eeese, four species in’ white-fronts and nine species in 
brant made up the remainder. 

Pive species ot Neinaunths were festriceved to Siow 
geese, one was recovered only from white-fronts, and five 
species were restricted to brant. Only one of these 
species (Tetrameres PUSS iS ile LiL Beane) was very common; 


most were found in less than ten percent of their hosts. 


Discussion 
Many of the "common" species of helminths re- 
covered from geese at Anderson River are characteristic 


parasites of geese or of waterfowl in general (McDonald, 
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1969b). ine prevalences ofiisome! of these, species ain thas 
study (Sarconema eurycerca, Tetrameres sp., Retinometra 
longivaginata, Tschertkovilepis krabbei) suggests that 
they are more common in geese than previously recognized. 
Most of the other species recovered, although relatively 
uncommon, are also typically found in anseriformes, 
paxtiiicii andy ducks. » Thelicexceptions are) Capillaria 
obsignata, which occurs typically in galliformes, and 
only accidentally in anseriformes, and Capillaria sp. 
and Apatemon anseris, about which little is known. 

There’ are no studies of the: parasites of geese 
from other areas which can be treated in a comparable 
way. Schiller (1952, 1954) and Holmes and Colbo (1970) 
are the only authors who have considered the parasites of 
North American arctic-nesting geese. However, Schiller's 
work, on a variety of geese from Alaska, dealt only with 
cestodes and gives no dhe on prevalence or abundance for 
individual species. Holmes and Colbo (1970) reported 10 
species of helminths from five greater snow geese (Chen 
caerulescens atlantica) from Hazen Camp, Ellesmere 
island, NewWwets« The sample of igeese iwas::too small, to 
permit a comparison with the present study. However, 
only one species of helminth (Apatemon gracilis Rudolphi, 
1819) recovered in that study was not found in the geese 


atvcAnderson River. 
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Two studies, dealing with the parasites of Canada 
geese in Illinois (Hanson and Gilford, 1961) and the 
helminths of grey geese (Anser anser) in northern 
Kazakhstan (Zaskind, 1963), involve large enough samples 
and provide enough data to be useful. . Ten species of 
helminthsiwere reportedsfrom,the;,geese in;Tllinois; all 
but two (which are not identified beyond the generic 
level) were found in the geese at Anderson River. One 
of the unidentified species was of a genus recovered 
from geese at Anderson River and may have been the same 
species as well. In the geese from Kazakhstan, thirteen 
species (two of ie were found only in young birds) 
were reported; five of these were also found in geese at 
Anderson TRivensiu sPourryspeciaésyof yhelLminths (Echinostoma 
revolutum, Notocotylus attenuatus, Drepanidotaenia 
lanceolata and Amidostomum anseris) were "common" in 
geese from all three studies. In addition, Tschertkovilepis 
setigera was very common in birds from Anderson River and 
Kazakhstan, while S. eurycerca was common in geese from 
Anderson River and Illinois. 

Despite these similarities in species compositions, 
the helminth faunas of geese at Anderson River were 
relatively dissimilar (measured by indexes of similarity) 
to the fauna of +geese;:from Illinois.,, The similarity of 


tice Latthenato thechelminibos fauna,+of,.Anderson»River 
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25 
white-fronts was 11%, to that of snow geese was 5%, and 
to that of ‘brant was 10%. The absence of Amidostomum 
spatulatum, ‘Bpomidiost omuii Crami and Heterakis dispar, 
and the low number of Trichostrongylus tenuis in the 
geese from Illinois are the main reasons for the lack of 
similarities, Indexes of similarities with the helminth 


fauna of geese from Kazakhstan could not be derived from 


the data 


presented: 


From the Limited data available, it would seem 


that geese in general are infected with characteristic 


species of helminths but that the helminth faunas asa 


whole, when considered as communities, show a great deal 


ofiivariability. 


The’ indexes of similarity between the helminth 


faunas of "the "three “species of ‘geese at Anderson River 


reflect’ the relative degrees of association of the geese 


on migration routes and on the breeding grounds. The 


fauna’ of 


those of 


two were 


but were 


and snow 


snow geese can be considered intermediate between 
white-fronts and brant. The faunas of the latter 
almost equally similar to that of the snow geese, 
much less similar to one another. White-fronts 


geese have at least partially overlapping spring 


migration routes, where the parasites responsible for some 


of ‘the similarity of their faunas could be acquired. 


There is 


only minimal overlap between them on the breeding 
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grounds. There is considerable mixing of snow geese and 
brant onthe Anderson River Delta, particularly after 
the hatch. ‘The geese use many of the same feeding and 
moulting areas so that there is ample opportunity for the 
acquisition of similar helminths. Brant and white-fronts 
do not overlap at all on migration and mix very infre- 
quently at Anderson River. 

Geese, in general, are grazers (Cooch, 1964; 
Dzubin, Miller and Schildman, 1964; Hansen and Nelson, 
1964, in Linduska, 1964). Barry (1967) found only plant 
materialin the proventricular and gizzard contents of 
geeseiat Anderson River. Iodid ‘not make systematic food 
sample analyses in this study, but only plant material 
was noted in the proventriculi and gizzards examined even 
though animal material was specifically looked for. 
According to Dillon (1959) and Sugden (1969), the inclu- 
Sion of gizzard contents in food analyses tends to bias 
the data in favour of harder material which is retained 
im ithe gizzard for a longer time than is softer material. 
Sugden (1969) also pointed out that birds collected for 
the purpose of food analysis should be collected only 
during peak feeding periods. Food materials are then in 
the esophagus and proventriculus and are not so subject 
to differential rates of passage. It was recommended 


that gizzard contents be ignored. None of these 
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27 
requirements were met in this study. However, Barry's 
(1967) data, and my observations indicate that geese at 
Anderson River are similar to other geese in being almost 
entirely grazers. 

This grazing habit has obvious effects on the 
composition of the helminth fauna. Most of the worms in 
each species of goose (85% of the total number of hel- 
minths in snow geese, 66% in white-fronts, 53% in brant) 
have direct life cycles. Metacercariae of the most 
common trematode in geese from Anderson River (N. attenu- 
atus) encyst on debris or vegetation (McDonald, 1969b) 
and would be ingested frequently by grazing geese. The 
more common cestodes utilize limnetic or littoral 
copepods which could easily be ingested accidentally as 
the geese feed in and around ponds (Dubinina, Lona 
Kotecki, 1964; Czaplinski and Jarecka, 19€7; McDonald, 
1969b). It is significant that forms such as Anomotaenia 
Ciliata and Diorchis stefanskii which utilize more benthic 
ostracods or cladocerans, which would be less likely to 


be ingested accidentally, were uncommon in the geese. 
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IIL. SEASONAL VARIATION OF THE COMMUNITY OF HELMINTHS 


IN ADULT SNOW GEESE 


Introduction 

seasonal variations reid populations of hel- 
minths of waterbirds, mostly on their breeding grounds, 
have received considerable attention in recent years 
(Gower, 1938; Oschnarin, 1950; Dubinina, 1953; Bezubik, 
1956; Okorokov, 1957; Sulgostowska, 1958; Wisniewski, 
1958; Busa, 1964; Gallimore, 1964; Shevtsov, 1964; Colbo, 
1965; Graham, 1966). The original source or "nucleus" 
of infections (brought to the breeding grounds by the 
host, transferred from other hosts or from over-wintered 
infections in intermediate hosts) was considered to be 
an important factor in the generation of different 
patterns of seasonal variation (Buscher, 1965; Graham, 
1966). The early events of the breeding period (egg- 
bayane, Lerritorial defense and incubation) were shown 
to have important effects as well (Gallimore, 1964; 
Colbo, 1965). Superimposed upon these effects and often 
indistinguishable from them were others, such as the 
effects of changes in food habits with season, or changes 
in distribution or abundance of populations of inter- 


mediate hosts. 
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There has been Little work concerning the effects 
of migration on the abundance and diversity of helminths 
although migrations over considerable distances through a 
wide range of geographic regions are characteristic of 
waterfowl. A good deal of general information on the 
effects of migration is available in summarized form in 
the books by Bykhovskaya~Pavlovskaya (1962) and Dogiel 
(1964). These authors indicated that migratory birds 
had different faunas of helminths on the breeding and 
wintering areas. The length of the migration between 
these areas influenced the degree of difference; the 
oko x the separation (in terms of distance or ecology), 
the) greater.the;,differences,in,the helminths, ',,Dogiel 
(1964) proposed four broad categories for the helminths 
of migratory birds based on where transmission of the 
Peeking occurred. » 'Ubiquists" were parasites trans- 
mitted throughout the range of the host. "Northern" 
parasites were those transmitted only on the northern 
breeding grounds while "southern" species were forms 
transmitted on the more southerly wintering grounds. 
"Migration" parasites were those,present,.in the birds 
only along their migratory route. 

In general, these authors, and others (Ryzhikov, 
1956; Cornwell and Cowan, 1963; Buscher, 1965), have 


indicated that breeding birds are more heavily infected 
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30 
wWith”a preater variety -of helminths ‘than are wintering or 
migrating birds. Most of the cestodes and trematodes of 
Deras in cne UsS.ocR. were+"northern" parasites. The 
impoverishment. in the abundance and variety of helminths 
in migrating and wintering birds has been attributed to 
apyarieLty orPractorss “includingv’a'*loss’ofworns dué*toVa 
reduction in food intake or changes in the character of 
the foods available, and reduced possibilities of re- 
infection (Bykhovskaya-Pavlovskaya, 1962; Buscher, 1965). 
Intestinal cestodes and trematodes were particularly 
susceptible to loss (Dogiel, 1964). On the other hand, 
migrations provided opportunities for at least partial 
replenishment of the helminth fauna (with "ubiquists" 
and "migration" species) depending on where and for what 
length of time birds stopped along the route (Belopolskaya, 
1956; Bykhovskaya-Pavlovskaya, 1962; Cornwell and Cowan, 
1963). 

Lesser snow geese have an extensive migration 
between their breeding grounds on the Anderson River 
beltaeana theitr-wintéring*prounds in’ the*central valley 
in California. Conditions they encounter in the two 
areas are very different. ‘They also encounter a great 
variety of Ecological conditions on ‘their°migrations. 
Even though the same general route is followed in the 


Spring and fall; climatic*and' biotic conditions” are very 
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diftterent.. jhe. variety. of, conditions: the| birds encounter 
throughout, the year could be expected to have significant 


effects..on,.their helminth faunas, 


Materials and Methods 

A sample of geese was collected as they arrived 
at the Anderson River Delta in the last week of May. 
This, sample will be referred to as the "arrival" sample. 
Thereafter, approximately fifteen geese were collected 
every two weeks, with attempts being made to collect 
equal numbers. of each sex. Five samples were taken in 
the ten week period from June: first to August fifteenth. 
For most analyses of the data, the points on graphs and 
tables represent the.means, medians, etc. for these two- 
week periods. However, in calculating Simpson's indexes, 
rarefaction indexes and indexes of similarity between the 
faunas of geese from different periods, the two samples 
taken in June, and those taken in July, were combined. 
The June samples represent geese taken during the egg- 
Laying and incubation, period,,and are: collectively 
designated the "nesting" sample. The two July samples 
represent geese collected after they moved away from the 
nesting areas to feeding and moulting areas, and are 
collectively called the "mid-summer" sample. The "late- 


summer" sample was taken in the last two-week period 
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32 
before the geese were ready to leave the delta (August 
1-15). These periods (arrival, nesting, mid-summer and 
late-summer) are natural divisions of the time spent on 
the breeding grounds. 

The fall sample was collected in late October 
and early November in Alberta and Saskatchewan. The 
winter sample was taken in late December, 1968 and early 
January, 1969 in Washington and California. The spring 
birds were;collectedat.Beaverhill ;Lake,,Alberta,in)late 
April.of,.1968.and 1969. 

Medians, rather than the means were used as 
measures of central tendency because the former are more 
robust, not overly influenced by extreme values (Uemura, 
1964). Ninety-five percent confidence limits were 
determined for the medians of large samples (Campbell, 
1967). 

The prevalence (percent of the birds infected) 
times the median intensity was used as a measure of the 
size of the populations of individual species of hel- 
minths. This combination gives a better picture of the 
abundance of a helminth than either the prevalence or 
the intensity of infection alone, particularly when 
prevalence and intensity varied in opposite: directions. 
In effect,,.the measure represents an estimate,of the 


number of worms per hundred birds. 
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Indexes of similarity between the faunas of hel- 
minths from birds collected at different times were 
Calculated as above (p..15). A method of easily visual- 
izing the degree of similarity between several samples 
is the "trellis" diagram developed by the Uppsala, school 
of plant sociologists and used recently by Holmes and 
Podesta (1968) to compare the helminth faunas of wolves 
and coyotes from various regions of North America. It is 
usual practice to arrange the samples along the ordinate 
and abscissa so that maximum values appear along the 
principle diagonal. However, in this section, samples of 
geese have been arranged in chronological oe beginning 
with the "arrival" sample. 

Measures of faunal diversity are basically of two 
kinds. Those which measure how equitably the individuals 
OL- a Sample are divided among the Species present (the 
MacArthur "broken-stick" model (1957), the Preston log- 
normal distribution (1948), and the Simpson index (1949)) 
measure what Whittaker (1965) called dominance-diversity. 
Those which depend upon the number of species present 
(d values of Margalef (1957),e& values of Fischer, Corbet 
and Williams (1943) and the rarefaction index of Sanders 
(1968)) measure species-diversity (Whittaker, 1965). 

According to Sanders (1968) the species-diversity 


and dominance-diversity measures are only weakly correlated, 
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with: the degree of correlation being dependent on sample 
size. A strong correlation is found with small sample 
Sizes whitke noi signifiicant’ comrelation, or only..a weak 
ome, liexiisis with, Large.sample isuges .» This. relationship 
is apparently due to the, fact that species-diversity 
measures are affected by: how a sample is divided among 
the species present. There is always a dominance diver- 
sity component in all species-diversity measures which 
wenmnos th rsatmong ly expresseduwith small. sample sizes, 
where only the more common species (those which affect 
the dominance-diversity measures most) would be present. 

Several measures of faunal diversity were used 
in, this study. The mean number of species per bird and 
Simpson 'isiindex were-jused jas measures of dominance- 
diversity. Both of these measures are relatively inde- 
pendent of sample size. Simpson's index is defined by 


o 
)* where c is the concentration of 


the equation c="(Y/N 
dominance, Y is the “importance value" of the species, 
and N is the sum of the ‘importance values for all species 
in the sample. In this paper, Y is the number of worms 
of each species and N is the total number of worms of 

all species in the sample. High indexes suggest faunas 
dominated by a few very common species while low indexes 


indicate equitably distributed faunas. Since most other 


indexes of diversity give high values for diverse faunas, 
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the scale for Simpson's index in Figure 5 is reversed to 
make it directly comparable to the other measures. 

The total number of species per sample and the 
Garteracrion index of Sanders (1968) were used as measures 
of species-diversity. The former is strongly dependent 
on sample size, while according to Sanders (1968); the 
rarefaction index is not. The rarefaction procedure 
required taking the total number of species in a given 
Sample represented by "X" number of worms, and then 
arranging them in order of decreasing abundance. The 
number of species one would expect to find in a decreas- 
ing number of worms could then be calculated, keeping 
the proportions of the total represented by each of the 
species the same as those in the original sample (see 
Sanders (1968) for details). The species-diversity of 
the samples in this study could be compared at the 200 


worm level, since each sample had over 200 worms. 


Results 
All birds examined were infected with nematodes; 
the proportions of the birds infected with’ cestodes and 
trematodes varied from 16-100% and 13-40% respectively 
(Table ie The median number of worms per bird varied 
with season (Table 3, Figure 3). The number of species 


of helminths recovered from geese showed some change 
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Figure 3. Seasonal variation in intensities of 
infection with helminths in adult snow 
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38 
with season (12-18 species out of a total of 26) but 
other measures of faunal diversity were more variable 
(Figures 4 & 5). 

Lesser snow geese on arrival at the Anderson 
River Delta had the heaviest helminth burdens encountered 
(median intensity 39.5 worms/bird). Fifteen species of 
helminths were recovered with a mean of 4.2 species per 
bird. However, the high Simpson's index (0.46) indicated 
that the fauna was dominated by few species and the low 
rarefaction index (9.8 spp./200 worms) indicated that 
the rare species were present in very low proportions. 

Daring the nesting period; populations- of helminths 
were drastically reduced. There was a reduction.in the 
proportion of birds infected and/or the intensity of 
infection with each group of helminths (Table 3, Figure opt 
Although the total number of species per bird decreased 
slightly, Simpson's ee (0.32) and the rarefaction 
index (11.2 spp./200 worms) indicated a more diverse 
fauna, with a more equitable distribution of worms among 
the species present, than in the arrival sample. 

After the hatch and the subsequent movement of 
the geese away from the nesting areas, populations of 
helminths began to increase rapidly so that in "mid- 
summer", the intensity of infection averaged 33.0 worms 


per bird. Only the trematodes did not show an increase. 


Figure 4. 


Figure 
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Seasonal variation in the total momnen of 
species per sample and the rarefaction index 
(no. spp./200 worms) for the helminth fauna 

of adult snow geese. 

A = Arrival sample, N = Nesting sample, 

M = Mid-summer sample, L = Late-summer sample, 
F = Fall sample, W = Winter sample, 3S = Spring 


sample. 


Seasonal variation in the mean number of 
species per bird and Simpson's 3n0de= 7 ora vae 


helminth fauna of adult snow geese. 


A = Arrival sample, N = Nesting sample, 
M = Mid-summer sample, L = Late-summer sample, 
F = Fall sample, W = Winter sample, S = Sprang 


sample. 
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Cestode infection levels were the highest of the year 
(up to 100% infected (av. 9 IG )9P'50 worms/bird) at this 
time.“ Measures of diversity indicated that the fauna 
was very equitably distributed (Simpson's index way ty er 
that birds had frequent multiple infections (5.5 spp./ 
bird) and that very few species were exceptionally rare 
(rarefaction index 13.0 spp./200 worms). 

The infection levels at the end of the summer 
("late-summer") were sharply reduced Cintensi ty 24 0 
worms/bird) from those prevailing during the mid-summer 
period. “Decreases in the populations of cestodes and 
nematodes were responsible for this drop, with intensities 
of nematodes dropping to 18.0 worms per bird and inten- 
sities of cestodes to’ 3.5 worms per bird. The prevalence 
of infection with cestodes also dropped somewhat from the 
maximum during the latter part of the mid-summer period. 
Measurements of diversity suggested that there was little 
change from mid-summer although the species diversity 
measures (13 species in the sample, 12.0 species/200 
worms ) indicated that the fauna was slightly less diverse. 

Birds collected on the fall migration route had 
the lowest populations of helminths recorded. The 
prevalence and intensity of infection with each group of 
helminths was very low. Thirteen species of helminths 


were present, but Simpson's index (0.52) and the mean 
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WL 
number of species per bird (2.8) indicated that the 
fauna was the least diverse encountered. However, the 
rarefaction index (8.274 spp./200 worms ) and the total 
number of species present showed that there was no lack 
of variety in the helminths. The few species that were 
abundant were’ present in a large proportion of :the birds 
and dominated the fauna numerically, while the other 
Species were present at low, but equitable levels. 

Geese collected from the wintering grounds had 
regained relatively heavy helminth burdens (intensity 
je 0 worms/bird). Only twelve species were recovered 
from wintering geese, but the mean number of species per 
bird (4.3) indicated that several were present in a high 
Provortionect the birds. Sampson's index (OO) indicated 
that the fauna was dominated by a few species. -ihe tauna 
was also low in species-diversity (9.2 spp./200 worms ) 
indicating that several species were very rare. 

Lesser snow geese collected on their northward 
migration ("spring") had helminth loads comparable to 
those in wintering birds but with fewer nematodes and 
more cestodes and trematodes. This was also the most 
diverse fauna in terms of Simpson's index (O21) sands thie 
rarefaction index (13.6 spp./200 worms), and was also 
amongst the most diverse in terms of the total number of 


species present (14) and mean number of species per bird 
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(123 Ji Most species were present at moderate, equitably- 
distributed levels, few being very rare. 

Teple Wi ogives: the Species composition of the 
helminth fauna of adult snow geese and the importance 
Value of -each. species, in. each collecting period. Indexes 
of similarity comparing the faunas of the various periods 
were computed from these data and a trellis diagram was 
constructed for easy visual comparison of degrees of 
similarity of the faunas in different seasons (Figure 6). 
Data on the prevalence and intensity of infection with 
each species of helminth in each season are presented in 
Appendix l. 

Figure (6 indicates that the total helminth fauna 
of snow geese was a dynamic entity with the faunas of 
particular periods showing high degrees of similarity to 
those of the periods immediately preceding and following 
them, but showing less similarity to the faunas from 
periods further removed in time and/or location. The 
greatest degrees of Similarity were between periods on 
the breeding grounds, but even here the end points 
(arrival and late-summer) were much less similar to each 
other than they were to the faunas of intermediate 
Meri OOe eas situation 15 illustrated by the string: of. 
high values along the principle diagonal which compare 


the periods in a chronological sequence, and the lower 
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Figure 6. Trellis diagram showing similarities of |the 
helminth faunas of adult snow geese at 
different seasons. 

W = Winter sample, S = Spring sample, A = 
Arrival sample, N = Nesting sample, M = Mid- 
summer sample, L = Late-summer sample, F = 


Fall sample. 
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values in the rest of the columns and rows which compare 
Sache period to all other*periods. For instance, “the 
"arrival" fauna showed the greatest similarities to the 
spring and nesting faunas with a steady decrease in 
Similarity to the faunas of other periods. The fall and 
winter faunas were the least diverse (in terms of 
Simpson's indexes) and showed the least similarity to 
the faunas of other periods. The faunas of these two 
periods were not very similar to one another, indicating 
that the species dominating them were different. 

Trematodes were of little consequence to the 
helminth fauna as a whole, comprising a maximum of eight 
percent of the total number of worms in any collecting 
period (Table 3). They did contribute to the species- 
diversity of the fauna, particularly to the faunas of 
migrating geese. Migrating geese and those arriving at 
Anderson River had the greatest number of trematode 
species (4). Echinostoma revolutum, Notocotylus attenu- 
atus and Zygocotyle lunata were present in geese through- 
out much of their range but were more important and 
abundant in the spring or early summer. Apatemon anseris 
also showed a peak in importance value on spring migra- 


tT LOI. tTchinostoma revolutum and Apatemon anseris were 


Lost soon after the geese began nesting and were not 
picked up again until the fall. Echinoparyphium sp. was 


picked up then also. 
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Cestodes were of greatest significance to the 
helminth fauna during mid- and late-summer when they 
became sufficiently abundant to comprise almost 20% of 
the total number of worms. Only four of the eleven 
species of cestodes encountered on the breeding grounds 
were very abundant. Two (Tschertkovilepis krabbei and 
Retinometra longivaginata) were brought into the area by 
snow geese, while the other two (Drepanidotaenia 
lanceolata and Tschertkovilepis setigera) were encoun- 
tered only after the hatch (one immature worm, tentatively 
identified as Tschert. setigera, was found in a bird on 
arrival). The variations in abundance of these cestodes 
Wiait eeason are presented in Figure /. The rapid in- 
creases in abundance in mid-summer are notable. All 
decreased in abundance by late-summer and (except Jschert.. 
krabbei) were absent by the time the geese reached 
Alberta and Saskatchewan during fall migration. Tschert- 
Row ilepis krabbei and Dicranotaenia multistriata were the 
only cestodes in wintering geese. 

Hespointed out Carlier, mematodes were present an 
all geese regardless of season, and comprised 79-98% of 
the total number of worms recovered from geese in each 
pericd (Table 3). At least seven of the nine nematodes 
were present in each period. Obviously, the characteris- 


tics of the fauna of adult snow geese in each season was 
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48 
determined to a great extent by the nematodes. 

Seasonal variations in abundance (prevalence 
times median intensity) for the four most common nema- 
todes are presented in Figure 8. Together, these four 
represented 77-88% of the total number of worms present 
in each sampling period (Table 4). It is readily 
apparent that they were the major factors determining 
the overall abundance of helminths, the dominance- 
diversity (Simpson's index), and the indexes of similarity 
between periods. Each species had a different seasonal 
pattern of abundance and dominated the fauna at a differ- 
ent time of the year: Amidostomum spatulatum in the 
errival Sample, Trichostrongylus tenuis.at late-summer, 
Epomidiostomum crami in the fall and Heterakis dispar in 
Wircerineg birds. Periods in which the faunas of the 
geese were diverse (in terms of Simpson's index) had 
relatively equal proportions of all or most of these 
Species, 

Two other species of nematodes (Capillaria sp. 
and Tetrameres ene, were present in all samples but were 
neither very abundant nor important to the fauna as a 
whole (Appendix 1, Table 4), They were consistent 
factors in determining the species-diversity (rarefaction 
index) within periods. The other nematodes were 


sporadic in their appearance, but were most important 


hy 9 


Figure 8. Seasonal variation in the abundance of the 


major nematodes of adult snow geese. 
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and abundant on migration or during the winter. They 
were very minor contributors to the indexes of dominance- 
diversity and the indexes of similarity between some 
periods, but were of some significance to the species- 


diversity of the faunas when present. 


Discussion 

The paucity of trematode infections in snow 
geese was probably due to a combination of restrictions 
dec he dasStribuvions of requisite snail Nosts and the 
grazing habits of the geese. Trematodes as a group 
were basically migratory parasites and were most abundant 
on Spring’ migration. .Infections were probably picked up 
from infective pools established in areas along the 
Migratory route by other birds breeding in those regions. 
hrredis trematodes (except Apatemon anseris) have been 
reported at relatively high levels from various water- 
birds in the Beaverhill--Cooking Lakes drainage system 
(Colbo, 1965; Graham, 1966) where all spring birds and 
some fall birds were collected. 

Other waterfowl have also been shown to have 
greater trematode burdens in the spring (Buscher, 1965; 
Graham, 1966) due perhaps to the early shedding of 
cercariae from over-wintered infections in snails or to 


over-wintered metacercariae. With snow geese, the 
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feisurely pace of spring migration and the greater time 
spent feeding in or near melt-water ponds in the spring, 
(relative to the fail migration) may have been important 
factors as well. 

The trematodes found in snow geese over much of 
their range (N. attenuatus, Z. lunata) utilize a wide 
variety of almost cosmopolitan intermediate hosts and 
encyst as metacercariae on vegetation or debris. Because 
of these conditions, both were probably readily available 
to geese grazing near bodies of water. They can be con- 
Sidered ubiquists. 

Ten of the twelve cestodes can be considered 
Poritverneparasites, characteristic of the tundra breeding 
grounds. Although Tschert. krabbei can be considered a 
ubiquist, it also reached a peak in abundance on the 
breeding grounds. The only other cestode in wintering 
Pode, UV, smultistriata, 1s normally Lound in grebes, 
which are abundant on the wintering grounds. No mature 
MoOLrmea sO this species were fottind, and their presence in 
snow geese was probably accidental. 

The findings of this study were in general agree- 
ment with those of Schiller (1954), Bykhovskaya-Pavlovskaya 
(1962), Dogiel (1964) and Buscher (1965) who suggested 
that cestodes were predominantly parasites of northern 


breeding areas, and that the coincidence in time and place 
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of large ‘populations of ‘intermediate and definitive hosts 
on the breeding grounds was particularly conducive to the 
transmission of cestodes. Ponds teeming with inverte- 
brates are abundant in areas of the Anderson River Delta 
used extensively by the geese during the brood-rearing 
periods, A™ fT ewsweeps of “a plankton net’ through any "6f 
these ponds yielded a collecting bottle full of inverte- 
brates. Life cycles are known for three of the four most 
abundant cestodes (all except R. longivaginata). FoJEP 
trréeetutvrlize Pimnetic or “Littoral 'copepods'‘as inter- 
mediate hosts. These forms would be readily available to 
péese grazing -in'or near *the ponds: 

Most of the nematodes of lesser snow geese (all 
except Sarconema eurycerca and Tetrameres sp.) belong to 
groups which have direct life cycles. Most (all except 
maveuryeerca ; “and ”’péerhaps’ Capiltlaria obsignata) could be 
considered ubiquists. However, the patterns of the 
seasonal variation in abundance and importance values 
for each species indicated that the requirements for 
optimum transmission of “each ‘species’ were “obviously 
different. A classification of these helminths with 
reference to times when they were most abundant or when 
they were most rapidly acquired would be more useful 
than one which relies only on the presence of the hel- 


minth or the possibility of transmission in an area. 
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The gizzard nematodes were basically migration 
parasites (Amidostomum anseris and A. spatulatum) or 
were almost equally abundant in all sampling periods 
Ui crami). All were apparently transmitted to geese 
along the spring migration route. Other species of 
Amidostomum and Epomidiostomum have a short developmental 
time outside the host (6-11 days at approximately 20 C) 
(Leiby and Olsen, 1965). Rapid development to the infec- 
tive stage would be a distinct advantage to worms living 
in migratory hosts. The species found in this study 
Probably Have similar developmental characteristics, 
which Peata account, for the, build-up of their populations 
in the spring. Snow geese migrate northward following 
the 40° isotherm until their last big push eccne eat 
Alberta to the Anderson River Delta (Barry, 1967). Even 
in areas where the clearance of snow and ice was not 
complete, the warmed microclimate of melt-water pools and 
open areas along the banks of rivers and streams could 
have provided suitable conditions for development of the 
larvae. Because successive flocks of geese use the same 
resting and staging areas, the possibilities of picking 
up infections of gizzard nematodes derived from eggs 
shed the same spring are very good. A combination of 
activity patterns of the geese and developmental charac- 


teristics of the parasites seem to have produced high 
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5h 
populations of gizzard nematodes in the spring and 
arrival samples. 

Epomidiostomum crami seems to be particularly 
well adapted to the environment of its host and the 
Changes that occur with the seasons. The seasonal 
pattern of abundance (Figure 8) indicated that at least 
three different but overlapping generations of worms 
were encountered and that transmission occurred in all 
wreeo 20m the Arctic tundra to southern California. In 
view of the rather extensive pathology associated with 
this worm (p.113), the low intensities of infection 
encountered would be advantageous to both host and para- 
Site. The prevalence of infection was always high, 
ensuring a steady rate of egg dispersal and completion 
of the worm's life cycle, while the low number of worms 
per bird would=have no deleterious effect on the host. 

Larvae of Trichostrongylus tenuis also reach the 
infective stage in avery short time (8-9 days) (Cram 
and Cuvillier, 1934). Third stage larvae migrate up 
onto vegetation and would be readily available to grazing 
geese. New infections mature in 4-7 days allowing the 
quick build-up in the population noted in mid- and late- 
summer in-this study. Infections were present in arriving 
geese so that a pool of infective larvae was probably well 


developed by the time geese began extensive feeding after 
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i 
broods were produced. The constant use of favored feed- 
ing areas by the geese, and the short life cycle of the 
worm would have enabled several generations of worms to 
have infected the geese on the breeding grounds. 

Heterakis dispar has a'much longer generation 
time (30-48 days) than the other nematodes discussed 
(McDonald, 1969b). This may explain why H. dispar was 
relatively uncommon in geese except on the wintering 
areas. Heterakid eggs can survive up to eight months 
in the soil so that infections on the wintering area 
could have been’ the result of an extensive pool of.in- 
fective stages built up in the warm southern region over 
a long period of time. Geese in Czechoslovakia, when 
penned in the same area every winter, were heavily 
infected with H. dispar (Busa, 1964). Snow geese using 
the same wintering areas each year may be duplicating 
that situation. 

Only two species of helminths can be considered 
southern parasites (D. multistriata and C. obsignata) 
(Table 4). However, this classification is inexact since 
neither is’a characteristic parasite of waterfowl and 
C. obsignata, although most abundant on the wintering 
grounds’ was’ also present in the "spring" and "arrival" 
samples. Three species (all trematodes) are migration 


parasites and (except for Apatemon anseris) were found 
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56 
nowhere but on migratory routes or in the early part of 
the summer. The majority of the helminths of snow geese 
are ubiquists (2 trematodes, l cestode, 7 nematodes) or 
northern parasites (10 cestodes, 1 nematode). As pointed 
out above, several of the ubiquists were abundant the 
Veareround”’or*in the’ spring *or’summer.” “Only one species 
Cie dispar)was most abundant in the winter. When one 
considers that the migration parasites were most abundant 
in the spring as well, the fall and winter periods were 
devoid of "characteristic" species ‘of helminths, 

Iin-general, ‘the results of’ this study support the 
findings of other workers who have studied the effects of 
iteration on the parasites of birds. “The helminth fauna 
of lesser snow geese on the Anderson River Delta breeding 
grounds was most diverse in terms of the total number of 
species and mean number of species per bird. This was 
due to the large number of ubiquists and to the acquisi- 
tion of the northérn species, “especially “ten species of 
Gcesitodes.’ In addition, “the populations of “most of ‘the 
species of helminths were greatest during the summer. 

The general reduction in parasite numbers from 
arrival to the end of the nesting period was associated 
With “two ‘factors: ‘the’ 'stress’of nest initiation, 
territorial defense tid incubation (a similar situation 


was recorded for grebes and coots in Alberta by Gallimore 
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Ti 
(1964) and Colbo (1965)) and inadequate (and generally 
ignored) food resources throughout most of the nesting 
period. 

The rapid accumulation of cestodes and the in- 
creases in populations of T. tenuis, E. crami and H. 
dispar after the hatch was associated with extensive 
feeding by the geese, and with the continued use of 
favored areas which had been seeded previously with 
helminth eggs or were seeded soon after the hatch. 

A number of factors could have been responsible 
for the reductions in many helminths during the late- 
summer. Late in the summer, geese began feeding 
extensively along major channels of the river where Low 
water levels had exposed submergent aoe tagae This 
shift from the meadows and ponds of the moulting and 
feeding areas may have removed the, bardsywirom sources, of 
infection. 

The* complete! lossiofeall cestodes except Tschert. 
krabbei and the reduction in most other helminths (except 
E. crami ) during fall migration was probably due to a 
etn plier faetorse aliectingt the avatilabidaby, of, anfective 
material. © The’ reduced fauna in the fall was numerically 
sparse, but had a relatively high degree of species-— 
diversity. This, and) the fact that: new, ispecies. were 
acquired in the fall, suggests that the availability of 


infective material was a more important factor in the 
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58 
reduction of helminth burdens. than were changes in gut 
physiology. 

The generally low numbers of helminths (except 
EB. crami and H. dispar) and low diversity of the helminth 
fauna of an ee birds.is, in, agreement with. the find- 
ings of other authors. Only one species (D. multistriata) 
was found only on the wintering area, and except for H. 
dispar, none of the helminths were more abundant there 
than_elsewhere.»,There,was no appreciable, acquisition, of 
parasites characteristic of the wintering.area. Indexes 
of similarity between the fauna of wintering birds and 
bhaose. of birds.from:ather periods (except the; spring 
period) were low, indicating that the faunas were differ- 
eént., ;However, these,.differences were not.due fea s 
acduisition,.of new,species,of,helminths (except for the 
faunas of birds on the breeding grounds where the northern 
parasites were acquired) but to the presence of helminths 
Piet erent proportions in each period. 

The diverse helminth fauna (in terms of both 
dominance-diversity and species-diversity) of geese in 
the pene g and the similarities of that fauna and the 
faunas of geese of other periods is indicative of the 
transitional nature of the spring fauna. As indicated 
earlier, many of the nematodes and trematodes were 


acquired on spring migration, and worms such as H. dispar, 
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C.eObeienata and Apatemon anseris were well represented 
in the spring fauna as well as being abundant on the 
wintering grounds. The latter group are characteristic 
or the geese on the southern portion of their range. 
These forms and the ubiquists bridged the gap between 
the wintering and breeding areas. 

The community of helminths in adult snow geese 
was characterized by the dynamic nature of its abundance, 
SuLucture, and diversity. stability was provided by the 
presence of many ubiquists, but the acquisition and loss 
of northern and migration parasites provided for variety 
in species composition of the fauna. Above sie the 
population dynamics of individual species of helminths 
(particularly the ubiquists) did much to) produce the 


dynamic nature of the entire community. 
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ITV. THE ACQUISITION OF HELMINTHS BY YOUNG LESSER SNOW 


GEESE 


Introduction 

The rate and order of acquisition of helminths 
by young water birds have been studied by several workers 
(Bykhovskaya-Pavlovskaya, 1962; Cornwell and Cowan, 1963; 
Gallimore, 1964; Colbo, 1965; Graham, 1966). Dogiel 
(1964) proposed the idea that’ precocious young were more 
likely to acquire parasites with complex life-cycles 
than were altricial ASSETS. Work on a variety of 
water birds has shown that trematodes, cestodes, nematodes 
and acanthocephalans may be acquired in any order, 
depending on the species of host, but that generally, 
helminths with complex life cyeéles were acquired first 
(the above authors; Wehr and Herman, 1954). 

Wehr and Herman (1954) studied the effect of age 
on the acquisition of parasites by young Canada geese 
(Branta canadensis) in Michigan and Utah. They calculated 
that Wany’ parasites were acquired in the first week or 
two of life. Cestodes were acquired first followed 
closely by trematodes and then nematodes. 


Young water birds often harbour greater parasite 
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loads than adults and are susceptible to-certain para- 
sites to which adults are refractile (Ginetsinskaya, 
1952; Hanson, Levine and Kantor, 1956; Bykhovskaya- 
Pavlovskaya, 1962; Cornwell and Cowan, 1963; Buscher, 
1965; Colbos 1965;. Graham, 1966)....0n the other hand, 
Gallimore (1964) found little difference between the 
numbers of helminths in adult and immature grebes, and 
Threlfall (1967) found that young herring gulls (Larus 
argentatus) in Wales never acquired as varied or exten- 
Sive parasite loads as adults. 

Schailer (1954), Hansen et al.’ (1956), and 
Shevtsov (1964) reported that young geese (Philacte 
Canagica, Branta canadensis and Anser anser) were more 
heavily infected ane ene particularly cestodes 
and an don party than were adults taken in the same areas. 
Holmes (in Barry, 1967) recorded much greater cestode 
burdens in young than iam adult lesser snow geese and 
Pacific brant at Anderson River, N.W.T. Infections with 
some nematodes were also more common in young brant than 
in adults. 

Bykhovskaya-Pavlovskaya (1962) pointed out that 
adult birds generally had a more diverse trematode fauna 
than their young, but that the young of migratory birds 
acquired a species composition approaching the adult 


condition by the time they left the breeding grounds in 
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the fall. Gallimore ‘(1964 )"and ‘Graham (1966) supported 
this idea in their work with grebes and scaup in Alberta. 
tievewoere COLNiszanit of théemtact *that “adult ‘birds "were 
more apt to have a variety of helminths because they had 
Deer exposed to “the “ecological variety of migrations’. 

Scrrwter PLGs2 Ph Herman and Wehr CL OS Eye Hanson 
and Gilford (1961) and Leiby and Olsen (1965) have pro- 
posed that most of the parasites of northern or arctic- 
nesting birds are contracted on the breeding grounds. 
Schiller (1952, 1954) reported the cestodes of young 
geese and ducks in Alaska, while Holmes (op. odie) 
recorded at least nine helminth species (one trematode, 
at least 5 cestodes, 3 nematodes) from young geese at 
AnaGersow River.’ Their” studies piv tddd information con- 
Cerming some *or“the species that infect tite waterfowl 
im the “arctic but were not’ extensive enough to give a 
picture’ of the dynamics of the hedlminth populations in 
young birds. 

The present study provided an opportunity for an 
extensive survey, over two summers, of the parasites of 
young lesser snow geese on the Anderson River breeding 
grounds. Birds of the year were also' collected on the 
Tale migration route and the wintering grounds, so that 
the acquisition, “and population "levels, of ‘helminths *in 
young geese could be followed through their first migra- 
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64 
Materials and Methods 

In each year of the study, approximately eight 
young lesser snow geese were collected every week between 
the hatch (at the end of June) and late August when geese 
began flocking up before leaving the delta. This enabled 
me to follow the acquisition of species of helminths and 
the build up of populations of helminths at weekly inter- 
vals. Collections on fall migration and the wintering 
grounds were apie i LCOMIUwe LON, wath scollections of 
dial tS+— (pid 932 ),« 

The hatch of snow geese is relatively synchronous, 
with most clutches hatching within a period of three or 
Lor days (Barry, 1967; personal observations). There- 
fore, ages of young geese could be estimated with a good 
deal of precision. In addition, Southwick's (1953) 
waterfowl brood classification based on characteristics 
of the plumage was used os supplement estimates of age, 
so that birds could be placed in weekly age classes. The 
Perro. Gevyeicedel@rabirds in,tLbeirylirst» Secomd,  . s sse5 
sixth week was 0+ weeks, 1+ weeks, ....., 5+ weeks res- 
pectively. The ages of geese (young om adult ) from areas 
other than the breeding grounds were determined by 
characteristics of the plumage. 

Samples of adult geese were collected every two 


weeks on the breeding grounds and it was not possible to 
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break the data down into weekly intervals. Therefore, 
it was necessary to pool the data from two successive 
samples of young geese, in order to compare the prevalence 
and intensity of infection with helminths, trematodes, 
cestodes and nematodes in young and adult geese collected 
during the same periods. The fall and winter samples 
could be compared directly since the birds were collected 
apetne same times and places, For,.a comparison of the 
numbers of specific helminths in the two age groups on 
the breeding grounds, the data from all young geese over 
two weeks of age (2+ to 5+ weeks) (when the populations 
of helminths had reached relatively high levels) were 
pooled and compared to the pooled, data from adults col- 
lected during the same period (July Loy to ret 15 ee 
Prevalences were compared using the Chi-squared test, 
while differences between median intensities were tested 
for statistical significance using a Mann-Whitney U test 
(see Campbell, 1967). 

siiloson Ss “indexes, Parelaction andexes (sae spp/ 
200 worms) and indexes of similarity were determined as 
above bopel5, 34). Indexes of similarity comparing the 
faunas of the entire sample of young geese on the breeding 
grounds, fall migration and the wintering grounds to 
those of breeding adults (June 1 to August 15), adults on 


fall and spring migration and the wintering grounds, were 
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calculated. The samples were arranged along the ordinate 
and abscissa of a trellis diagram to place maximum values 


along the principle diagonal. 


Results 

Young snow geese began to acquire helminths 
within their first week and continued to add new species 
until shortly before they left the breeding grounds. 
Fight species were acquired in the first two weeks and 
by the end of the fifth week, all 14 spécies recovered 
from young geese on the breeding grounds had been en- 
countered in at least some of the young (weeure Ove athe 
INean number of species per bird also increased steadily 
over the summer period to a high of 4.1 species per bird 
during the sixth week. . In comparison, adults were 
infected with 18 species.and had a mean of 5.3-5.5 
species per bird during the same period (July BED Sees 
August 15). 

The cestodes, Tschertkovilepis krabbei and 
Parabisaccanthes philactes, were the first helminths 
acquired; each was found in goslings less than a week 
after the hatch. Young geese taken early in the second 
week harbored the cestodes, Retinometra longivaginata 
and Tschertkovilepis setigera. By the end of their 


second week, the young geese were infected with seven of 
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Figure 9... The acquisition of species, of Melmintihis py 


young and adult lesser snow geese. 
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68 
the ten cestodes encountered in them on the breeding 
grounds and°- harbored their first nematode, Trichostrongylus 
venuis.. Ihe trematode, Notocotylus attenuatus, was 
recovered from young geese in their fourth week (3+) and 
was the only species of trematode encountered in them at 
Anderson River. 

Boe pODULALTT ON of Nelmantins built up raprd by in 
young geese with both the prevalence and intensity of 
infection reaching peak levels during the fifth week 
(Figure 10). The prevalence of infection remained at 
the same level (100%) during the sixth week but the 
intensity of infection (22.0 worms/bird) declined some- 
what, to 15.5 worms per bird. The prevalence of infec- 
tion in young geese from the third week on was not 
Teieticattty dittierent from that of adults. . The*medtan 
iivensity of infection in young birds during their fifth 
week (22.0 worms/bird), and that of the combined fifth 
and sixth week samples (16.0 worms/bird) (Table 5) were 
essentially equal to that of adults (24.0 worms/bird) 
collected in August (Figure 10 and Table 5). 

Prevalences and intensities of infection with 
trematodes were very low in young geese on the breeding 
grounds (Figure 11) with trematodes comprising only 3% 
of the total number of worms. There was no significant 


difference in the prevalence or intensity of infection 
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FPigure LO. Acquisition of populations of elmintie ay 


young and adult snow geese. 
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Fg 
between the combined samples of young geese taken in 
August (4+ and 5+ weeks) and the sample of adults col- 
lected in the same period. 

Cestodes were the most abundant group of helminths 
in young geese on the breeding grounds. The prevalence 
of infection reached a maximum (100%) during the sixth 
week while the median intensity peaked during the fifth 
week (17.5 worms/bird) and then declined by the end of 
the summer (5.0 worms/bird) (Figure 11). The intensity 
ot infection with-cestodes in the, combined samples of 
young geese collected in August was significantly greater 
boé.0L) than that of adults collected in the same period. 
Sixty-seven percent of the worms recovered from young 
geese were cestodes while only 18% of the worms in adults 
rolteccea from July. i to August 15 were cestodes,. 

Nematode infections were acquired more slowly 
than cestodes but did Sears up over the summer period 
(Figure aby), Populations of nematodes in young geese on 
the breeding grounds did not approach those of adults 
(Table 5). Thirty percent of the worms recovered from 
young geese were nematodes while 80% Of “UNGse 170m 
adults collected in the same period were nematodes. 

The tates of acquisition of specific helminths 
are presented in. Table 6. Of the 14 species recovered 


on the breeding grounds, Dicranotaenia coronula, Diorchis 


Figure 11. 


fe 


Acquisition of trematodes, cestodes and 


nematodes by young lesser snow geese. 


o———_» Prevalence trematodes —— Worms/bird 
@--- -—- -—G Prevalence cestodes -- Worms/bird 
e--——-— ad Prevalence nematodes -- Worms/bird 
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stefanskii, Fimbriaria fasciolaris, P. philactes and 
~obolevicanthus gracilis were present only sporadically 
or in low numbers. Drepanidotaenia lanceolata, R. longi- 
vaginata and Tschert. setigera reached a peak abundance 
when the young geese were in their fifth week and then 
declined by the summer's end. . The other species reached 
peak levels in the last week spent on the breeding grounds. 
Only two species (D: coronula, and S. gracilis) were not 
2Oumda) tn adult snow geese. Six species (Drepanidotaenia 
Por eoeenats D. lanceolata, Tschert. krabbei, Tschert. 
Betstrera, Heterakis dispar and T, tenuis) made up 93% of 
the total number of worms recovered from young geese. 

Young geese over two weeks of age (combined 
samples of geese 2+ to 5+ weeks of age ) were more often 
infected with D. barrowensis and Tschert. setigera 
fe<,001.. Table 7). than were adults Fee Hea in the same 
period (July 16 to August 15). The intensities of 
Tschert. setigera and D. lanceolata infections were 
also greater (oc. Ou: and p¢<.05 respectively) in young 
birds. Retinometra longivaginata, Epomidiostomum crami 
and T. tenuis were found in a greater proportion of 
adults (p¢.001) and in higher numbers (p<.05) than wan 
young geese. There were no significant differences in 
the prevalence or intensity of infection with other 


species of helminths found in both adults and young. 
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The helminth fauna of young snow geese gradually 
became more diverse (in terms of cumulative number of 
species and mean number of species per bird). The number 
of species per sample increased from two species during 
the first week to 11 during the fourth week and then 
remained stable until the geese were ready to leave the 
breeding grounds (Table 6). ‘The number of species in the 
combined samples of young geese taken in August (A+ and 
5+ weeks) (12 species) compared favourably with the number 
of Species (13) in=the sample of adults collected then. 
in terms of Simpson's indexes, the diversity of the fauna 
of young geese fluctuated erratically until after the 
third week (Figure 12). After that, the indexes (.19-.34) 
were comparable to those of the faunas of adults (.22~.26) 
taken in July and August. The combined samples of young 
geese over two weeks of age had a Simpson's index of 0.19. 
This compared with an index of 0.23 for the fauna of 
adults during the same period. These values were the 
Satie tor the fauna of the total sample of young geese and 
that oft adults collected from June to August 15. The 
rarefaction indexes (pe 35 ) for the same combined samples 
of young geese were 11.2 spp./200 worms and 11.4 spp./200 
worms respectively. Rarefaction indexes for the faunas 
of adults collected over the period from June to August 15 


varied from 11.2-13.0 spp./200 worms. 


Figure 12. Variation of Simpson's andex tor tthe helminsg. 


fauna of young snow geese. 
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Although these measures of diversity indicated 
that the faunas of young and adult snow geese on the 
breeding grounds were similar in terms of how the worms 
in the samples were apportioned among the species present, 
the species most responsible for the diversities were 
different. Cestodes were the major factors determining 
the diversity of the fauna of young geese, with nematodes 
of lesser importance (only 3 species of nematodes were 
present in’ young geese). Cestodes were of some importance 
an determining the"diversity of the fauna “of “adults; “but 
the major factors were the nematodes. 

As young geese encountered fall migration and 
their wintering grounds for the first time, the rate of 
accumulation of new species of helminths accelerated 
(Figure Ope The mean number of species per bird dropped 
to 2.9 Species in the fall, but rose to 4.8 species per 
Prrwron tie wintering grounds. “Adults had a "mean”“or+2.& 
Species per bird” in “the*fatt "And". J*spectes “per *bird on 
the wintering grounds. Young’ geese had“ 12-and P5 “species 
in the fall and winter respectively, while adults had 13 
Species in the fall and 12 on the wintering grounds. 

Five new parasites were acquired by young geese 
in the fall, including Echinoparyphium sp., Echinostoma 
revolutum, Apatemon anseris, Amidostomum anseris and one 


specimen of an acanthocephalan, Polymorphus contortus,. 
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All except the latter were picked up by the adults in the 
fall as well. Seven more species, Anomotaenia ciliata, 
Dicranotaenia multistriata, Retinometra sp., Sarconema 
eurycerca, Amidostomum spatulatum, Capillaria obsignata 
aide Feprameres  sp.,' were” recovered for” the first” time 
from young geese on the wintering grounds. Seven hel- 
minths contracted on the breeding grounds were present in 
young geese in the fall; five of these species were 
present on the wintering grounds as well (Table ars 

Nematodes were the most abundant group of hel- 
minths in young geese on the fall migration and the 
wintering grounds, comprising 87 and 88% of the total 
number of worms in those periods respectively. Cestodes 
made up only 10% of the total in the fall and 7% in the 
winter. This compares with the faunas of adults which 
were composed of 94% nematodes and 2% cestodes in the 
fakl, Vand 98% nematodes and 1% cestodes in the winter. 

The intensity of infection with helminths re- 
mained at about the same level on fall migration as that 
‘encountered in young geese just before they left the 
breeding grounds, but increased to a peak (23:20 worms/ 
bird) on the wintering grounds (Figure LOS -lanve 5). In 
the adults, the intensity of infection dropped abruptly 
fm Gfie ‘fall +0110 worms/bird) but rose again in the 


winter (32.0 worms/bird). There were no significant 
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differences between the median intensities in young and 
adult birds in either of these periods although the data 
from the wintering grounds may be unreliable in view of 
the small sample of young geese Doulas and the range in 95% 
confidence limits (Figure 10) for the median intensities. 

The prevalence and intensity of nematode infec- 
tions in young geese increased through the fall and 
winter. Both measures decreased:for cestodes while 
trematode, burdens remained, at about, the same level. ,tThe 
intensity of infection with nematodes was comparable to 
that in adults for both the, fall and winter although the 
winter data are again unreliable. However, the important 
point is that the nematode populations of young and 
adults were comparable by fall. The prevalence of infec- 
tion with cestodes was significantly greater (p<.001) in 
young birds in the fall but.was essentially the, same as 
that of adults by the time the wintering grounds, were 
reached, 

The prevalence,of, infection with Tschert. krabbea 
and the prevalence and intensity of infection with T. 
tenuis.in.young geese in the.fall were significantly 
greater than those in adults (Table 7). By the time the 
wintering grounds were reached, these measures were not 
Sienificantly different.  The,median, intensities of 


infection with E. crami were not significantly different 
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in the fall but the prevalence of infection was greater 
in adults. By the time the wintering grounds were 
encountered, the prevalences in young and adults were 
also essentially equal. On the wintering grounds, the 
prevalence of infection with Amidostomum anseris in young 
geese was greater than that in adults while H. dispar was 
Found in a greater proportion of adults and in higher 
numbers. 

dhnree™ species; Tschert.” krabber,°E. crami and’ T. 
tenuis made up 90% of the total number of worms in young 
geese in whet rally’ riose* threc ™speties~and N. attenuatus, 
Amidostomum anseris and H. dispar comprised approximately 
90% of the total number of worms in wintering young. 

The diversity of the fauna of young snow geese 
was somewhat reduced on fall migration from the condition 
on the breeding grounds. Simpson's index (0.49) and the 
mean number of species per bird (2.9) indicated that the 
fauna was dominated by only a few species (the 3 above). 
Both these measures and the number of species present Ee) 
were comparable to those of the fauna of adults (Simpson's 
index 0.52, 2.8 spp./bird, 13 species). The rarefaction 
index (10.6 spp./200 worms) was lower than that of the 
fauna of adults (12.4 spp./200 worms). By the time the 
wintering grounds were reached, all the measures of 


diversity for the fauna of young geese indicated a more 
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Giverse fauna than those for the fauna of adults. Young 
geese had 15 species as opposed to 12 in adults, 4.8 
species per bird as opposed to 4.3 in adults, Simpson's 
itiie<,.)7 as opposed to 0.50°for adults and 1478 >spp./200 
worms as opposed to 9.2 spp./200 worms in adults. The 
most important factor in the increased diversity of the 
fauna of young geese was the acquisition of a diverse 
nematode fauna and the presence of a more diverse cestode 
fauna. The young geese began acquiring new species of 
nematodes on fall migration, and by eesti the winter- 
ing grounds were encountered, they had eight of the nine 
species of nematodes encountered in adults (p. Lea Ws 
Simpson's index for the nematode fauna of wintering young 
(0.34) indicated that it was more equitably distributed 
than the nematode fauna of adults (Simpson's index 0.5205 

The helminth faunas of young and adult geese were 
compared by means of indexes of similarity between all 
combinations of breeding ground, fall, winter and spring 
faunas. The results are summarized ina trellis diagram 
(Figure 13). The most obvious conclusion to be drawn from 
this initormation is that as the young geese approached the 
wintering grounds their helminth fauna became more similar 
toetiat of breeding adults. The greatest similarity of 
faunas (61% similar) was between that of adults on the 


breeding grounds (combined June to August 15 samples) and 
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Figure 13. Trellis diagram showing indexes of ‘similarity 
between the helminth faunas of young and 


adult snow geese from different periods. 


F = Fall migration, S = Spring migration, 


: Breeding grounds, .W = Wintering grounds. 
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that of wintering young. Indexes of similarity between 
the faunas of birds taken at the same time were consistent~— 
Ly amet hO%. The increasing similarity of the faunas 
parallels the tendency of the fauna of young geese towards 
an abundance and diversity approaching the adults! condi- 
PiGie cst DC itcreasing ablndance “and diversity of the 
nematode fauna of young geese was the major factor in 


determining the greater similarity of the helminth faunas. 


Discussion 

The rapid accumulation of parasites by young 
birds in this study compares favourably with the findings 
of Wehr and Herman (1954), which indicated that young 
Canada geese acquired many of their parasites within the 
first week or two of life. The same situation has been 
described for other young anatids (Cornwell and Cowan, 
1963; Buscher, 1965; Graham, 1966). There is general 
support in this study as well for Dogiel's (1964) idea 
that precocious young pick up helminths with complex 
life—cycles first, rather than ones with direct life- 
cycles. 

Two of the cestodes acquired by young geese in 
tiete fire, ten days of lite (Tschert . krabbei and R. 
longivaginata) and the first nematode acquired (a tenuis), 


were present in adult geese throughout the nesting period 
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and were the most common cestodes and nematode in adults 
after mid-summer. Young geese were undoubtedly infected 
on the nesting area from cysticercoids and larvae that 
originated from infections in adults. Other workers have 
shown a similar situation, where young waterbirds they 
examined were infected initially with parasites specific 
to, or very common in, the adults (Ginetsinskaya, 1952; 
Gallimore, 1964; Graham, 1966). The gibac live pool or 
"nucleus" established by infections in adults in areas 
where the young began feeding after hatehing was probably 
the iftportant. factor. 

Heavy burdens of cestodes have been reported 
previously from young geese (Schiller, 1954; Zaskind, 
1963; Shevtsov, 1964; Holmes, in Barry, 1967). According 
TO -ochiller (1954) and Barry GeGy~e young geese generally 
eat more animal food than do adults. My own observations, 
though not quantified, support this view. Cestodes, of 
course, are biohelminths and would be expected to reflect 
the amount of animal food in the diet. Cestodes were 
also more important in the helminth fauna of adult geese 
on the breeding grounds (p. 51 ) than elsewhere, so it is 
not surprising that they would be the most common group 
of helminths in young geese on the breeding area. The 
Pueies Or infection for Uschert. krabbei and R. longi- 


vaginata were supplied predominantly by adult snow geese, 
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while other cestodes abundant in young geese aly barrow-~ 
ensis, D. lanceolata and Tschert. setigera) probably 
originated from extensive infections in brant arriving 
at Anderson River in: the spring (p. UES 

An important factor in the production of high 
populations of cestodes in young geese was the rapid 
maturation of many of the cestodes. The finding of 
mature, egg producing infections of D. barrowensis, 
D. lanceolata and Tschert. setigera in young geese less 
than two weeks of age in this study suggests that 
prepatent periods for some of them may be even shorter 
than those ap SPOT (15-25 days and 13-14 days for 
D. lanceolata and Tschert. setigera respectively) 
(McDonald, 1969b). Rapid maturation of worms in the 
large population of young geese at Anderson River would 
have ensured an early dispersal of large mises of 
cestode eggs into the environment and widespread infec- 
tion of intermediate hosts. The development of the 
eysticerdoid ‘of 'D. LancedLata ‘to Vinfectivity “takes »10-13 
days at 18-20 C (McDonald, 1969b) which means that the 
Feneration “time ‘of this ’species*is rélatively ‘shorts \in 
the six weeks spent on the breeding grounds, young geese 
could have been infected with several generations of 
worms, allowing the accumulation of large populations. 


Similar developmental characteristics for the other 
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cestodes could help to explain their abundance as well. 

ochiller (1954) proposed a relationship between 
the ere maturation of cestodes in large populations of 
young geese on the Yukon-Kuskokwim Delta, and the density 
of cestode eggs (his Figune sé, ip? 197) which could have 
been instrumental in the production of heavy cestode 
burdens. The scheme proposed there is generally adequate 
forsacdescriptionof the build uprin egg density at 
Anderson River. However, recent evidence has indicated 
that Cyclophyllidean eggs are susceptible to freezing 
(Kisielewska, 1957) so that egg density on the arctic 
breeding grounds would be nil at the time geese began 
arriving in«athe: spring «eosin elon then the number of viable 
eggs would probably decline very abruptly to zero with 
the ‘onset of freezing temperatures in the fall. This 
doesinot preclude the possibility of the occurrence of 
over-wintering infections in intermediate hosts, so that 
some infective material may be available to birds arriving 
in the spring. 

Two of the three nematodes encountered in young 
geese on the breeding grounds (BE. crami and T. tenuis) 
showed definite peaks in abundance in the adults during 
the summer. As indicated earlier (p. 52 ) both were con- 
sidered true ubiquists and were present in adult snow 


geese upon arrival at Anderson River at sufficient levels 
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to have produced adequate nuclei of infection for the 
young. Considering the probable short developmental 
period outside the host required for both species Ge e 
they seemed rather late in appearing in young geese, 
particularly E. crami. In addition to feeding on more 
animal material, young geese may feed on different plant 
material than adults at least until late in the summer. 
This could explain the delay in appearance of the two 
nematodes. It may also help to explain the greater 
Prevalence and intensity of infection in adults once the 
worms were acquired by the young. 

The paucity of trematodes and nematodes in young 
geese on the breeding area made fern fauna different 
than that of adults,-even though the various indexes 
indicated that their fauna was approaching that OL adul2 s 
in diversity. The increase in similarity of the helminth 
fauna of young snow geese in the fall and winter to that 
of breeding adults was due to the acquisition of the 
characteristic nematode fauna after the breeding area was 
abandoned for points further south. The time spent on 
the fall migration and wintering grounds was very import- 
@t in the characterization of the helminth fauna of 
young snow geese. The helminths acquired by young geese 
on those areas were present in adults in the spring, lost 


on the breeding grounds and reacquired again in the fall 
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or winter. Amidostomum spatulatum, which was considered 
earlier to be a spring parasite of adults (p. 53) was 
not aequimwied by young geese even on the wintering area 
(except for one worm in one bird). In all probability, 
this parasite would be acquired when the young geese 
Make “their first northward migration. 

The’ environment within the'gut during long migra-= 
tion flights may not be as important a factor as 
previously considered in the general loss of worms that 
occurred ‘on ‘fall migration. The greater number of species 
of cestodes (some of which were also found on the breeding 
erounds) in young geese as compared to the adults, and 
the imcreased sburdens\of Pschert'| ‘krabbew and "T. tenuis 
in young geese (they decreased cia! adults) on fall migra- 
tion stggests that a variety of factors which influence 
the availability of infective stages may be more import- 
ant. 

Generally, the parasites of young lesser snow 
‘ geese were acquired throughout the range of the bird and 
no single area can be singled out as the region in which 
helminths were acquired. Obviously, the cestodes were 
primarily breeding ground forms. Trematodes, generally 
parasites of migrating adults and more characteristic of 
Peese on southern portions of their range, were predict- 


ably acquired by young geese after they left the breeding 
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Prougas,. the exception (N. attenuatus) was a ubiquist in 
adults. Two of the nematodes (E. Cran and a1. tenuis) 
were pea ed steadily throughout the range of the host. 
beth were’ true ubiquists an adults. H. dispar, most 
prominent in wintering adults, showed basically the same 
pattern in*young geese. ; The other species did not show 
up until®the wintering grounds were reached. One of them 
(s\ eurycerca) Wae "a NoOrtierntiparasitle of adults.” » Another 
(A. spatulatum) was basically a spring parasite of adults 
and was very rare: in young geese. It would seem that a 
bird*‘must’ complete an entire yearly cycle and pass through 
the entire circuit of ecologico-geographical areas before 


its characteristic fauna of helminths has been acquired. 


| 


17 orn 


3 2 tikG aw 
‘) | im ®) pisa"s 
a ib 
it vitne apd 
pori br SOL 
73 18) »~ Deethos 
- Livia is 
in aie : 
ha ar a. bi4 
Baty Oe 
ene Les Lal 
noob nmaad 


luotgaaeels <kamaede bork 


Th bet (eo Yo. haa2ks oaths > of 


" 


aan 


J 


sh otameni anit 2 


18 
y m. 

i = dn) 7 >) 

inde WE etetuphdy eurss » oto é dae : 

eae 

v 

| Labs rpirhme danke mt 29 : nce 

a arr 

~ ,928995 Sn0%- ak - " xt 7aq 


vow axisotnbe ots: tite 


q ogondkixem & aawW: me = 
ssbeed eaw | (otatstoa 
acuoyt mh fee vney wow i 

Hie 18-9t0 qmoo Seu bri 


re 


okt abtedoe16 ito at + 


V. THE CIRCULATION OF HELMINTHS AMONG THE GEESE 
AT ANDERSON RIVER 
eYvor oc CLs Ori 

The overlap in species reported from various 
waterfowl (references in McDonald (1969a) ) suggests that 
there iS a considerable circulation of helminths among 
them, particularly among those breeding in the same area, 
Wisniewski (1958) and his co-workers in Poland have pro- 
Viced some evidence for the extent of that exchange. 
Sulgostowska (1963) concluded that the most abundant host 
on a given lake is responsible for the characterization of 
the trematode fauna of birds ecologically associated with 
it, a generalization which can be extended to entire hel- 
minth faunas (Graham, 1966). 

Lesser snow geese are the most abundant of the geese 
in the Anderson River Delta, with progressively lower 
populations of brant and white-fronts. Under these condi- 
T10ns ," stow geese could” be’ expected’ to”’octupy a central 
role in the circulation and maintenance of the helminths 
found there. Large numbers of other waterfowl, particularly 
ducks and swans, use the delta and might play some role in 
the’ Circulation of helminths” of *the” geese. 
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The degree of association of the geese with each 
other might also affect the exchange of helminths. The 
geese are separated geographically on their wintering 
grounds and use at least partially different migratory 
routes to the Anderson River Delta; this probably influ- 
ences the kinds of helminths which they bring to the 
breeding grounds. There is little contact between white- 
fronts and the other geese on the breeding grounds, but 
snow geese and brant are frequently in close contact 
during the brood-rearing period. 

The helminths recovered from adult geese at Anderson 
River have been surveyed in Section II, and the seasonal. 
changes in the communities of helminths in adult and young 
snow geese were examined in detail in Sections III and IV. 
The purpose of this section is to examine the interactions 
between the communities of helminths of the meas at 


Anderson River. 


Materials and Methods 

Geese were collected as they arrived at the delta in 
the spring, when the geese had left the nesting areas and 
had begun to frequent favored feeding areas (approximately 
two weeks after the hatch), and just before they were ready 
to dieave the delta in mid-August. These collections were 
designated as "arrival", "mid-summer", and "late-summer" 


samples, respectively. The timing of these collections bot 
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snow geese has been defined (p. 31). Other geese were 
taken to correspond as closely as possible to the snow 
geese. 

The mid-summer sample of brant was taken during 
the third week of July; the late summer sample from 
August 8-15. White-fronted geese were collected whenever 
possible; the mid-summer sample includes all geese collected 
in July, the late-summer sample those collected in the 
first week of August. Most of these birds were taken from 
upstream locations. 

Indexes of similarity were calculated as above 
(p.--15). Species overlap indexes (Jaccard's Coefficients) 
were calculated from the formula 100 X C/(a+b-c) where c = 
the number of species common to the two samples, a = the 
number of species balede Sample and*b = the number of 
species in the other’ sample. For the'’purposesiof these two 
comparisons, samples of young geese have been combined 
within each species. 

Differences between groups of indexes were tested 
for significance by the Mann-Whitney U test (two sample 
rank comparison test), the same as that used above (joe65’) 
for testine* for the significance of differences between 


medians. 


Results and Discussion 
Thirty-three species of helminths were recovered 


from young and adult geese. The relative prevalences of 
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infection with each helminth in each host group are pre- 
sented in Table 8. Complete data on prevalence and median 
intensity of infection are presented in Appendices II and 
Eat hes 

Eighteen species were "common" (present in 25% or 
more of ‘at least one sample of a host group) (Table 8). 
Most of these Species were abundant in several host groups 
over much of the summer. The other 15 species were rarely 
present in more than 10% of any sample of geese and were 
usually present in low numbers. 

Young geese were infected with 18 species of hel- 
minths, only Prevar which (Dicranotaenia coronula) was not 
recovered from adult geese. Fourteen of these helminths 
were common species (Table ays In effect, young geese 
acquired the same Pet nareene as those present in adults. 

Species overlap indexes (Jaccard's Coefficients) and 
indexes of similarity were calculated and arranged in 
trellis diagrams (Figures 14 and 15). Samples were 
arranged along the axes of the diagrams in species groups 
and in chronological order. These indexes provided differ- 
ent measures of the degree of exchange of helminths among 
host groups. 

In general, intraspecific overlap indexes and 
indexes of similarity between samples of adult geese were 
Significantly greater than interspecific ones (Mann-Whitney 


U test, p<.001). Samples of white-fronts and brant had 
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Trellis diagram showing species overlap 

indexes (Jaccard's Coefficients) between the 
helminth faunas of samples of geese at Anderson 
River, N.W.T. 

A = Arrival sample, M = Mid-summer sample, 


I, = Late-summer sample, Y = Young geese. 
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Figure 15. 
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Trellis diagram showing indexes of similarity 
between the helminth faunas of samples of 
Beasts it Anderson River, N.W.7T. 

A = Arrival sample, .M = Mid-summer sample, 


L = Late-summer sample, Y = Young geese. 
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Significantly ligher intraspecific indexes (p¢ 205) than 
interspecific ones with one exception; there was no signi- 
ficant difference in species overlap between the intra- 
specific white-front indexes and the white-front-snow 
goose indexes. Intraspecific snow goose indexes were not 
generally greater than interspecific ones eiccikt that 
species overlap between snow goose samples was signifi- 
cantly greater than the overlap between the samples of 
snow geese and brant. 

These relationships suggest that white-fronts and 
brant had relatively distinct communities of helminths 
while that ean geese was intermediate between the two 
but tending toward white-fronts in species composition. 
Species overlap between snow geese and white-fronts was 
Significantly ereater en < e205. s¥th anethat between snow geese 
and brant. ,. This relationship is further supported by .the 
fact that the faunas of white-fronts and brant had greater 
overlap and similarity to the fauna of snow geese than they 
had to each other (p< 105 bein both cased is 

Young white-fronts and young brant had greater 
species overlap and similarity with their respective adults 
them iwith the adulits ,ofiother species: (p <o.05 in all cases). 
Young snow geese, on the other hand, overlapped with adult 
snows and brant equally and had a fauna more similar to 
thatiofiebrant ithan storthah-ofetheir parents. 


Young white-fronts overlapped relatively strongly 
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with, ail Host groups (Figure 14) but showed very little 
Similarity to any of them (Figure 51 They had few hel- 
minths, most of which were common species (Table 8) (thus 
the high overlap) but none of these were abundant 
(Appendix ia GS, (thus the low similarities). Those hel- 
minths which were abundant in young white-fronts were not 
present or not abundant in other geese. 

The communities of helminths in young snows and 
brant were most strongly influenced by those of adult 
geese (particularly adult brant). This was apparently not 
true of young white-fronts. 

Changes in both overlap and similarity between 
samples of geese occurred over the summer. These changes 
were of different magnitudes depending on the samples 
comparied but none Roce testable for, significant differ- 
ences. However, general trends could be outlined. Here- 
after references to specific host groups will refer to 
their helminth faunas. 

Snow geese and white-fronts overlapped strongly and 
were relatively similar upon arrival. The overlap between 
arrival samples of snow geese and brant was of the same 
magnitude but their similarity was much lower. Snow geese 
and white-fronts increased in overlap and similarity as the 
summer passed. The latter of these trends is illustrated 
in Figure 16 (white-fronts~same periods). The sami Lar. y 


of snow geese and brant also increased with time (Figure 16, 


Figure 16. 


Figure 17. 


Similarity of the faunas of selected samples 
of white-fronts and brant to the faunas of 
all samples of snow geese. 


A = Arrival sample, M = Mid-summer sample, 


L = Late-summer sample. 


Similarity of the faunas of the arrival and 
late-summer samples of snow geese to the 
faunas of all samples of brant. 

A = Arrival sample, M = Mid-summer sample, 


L = Late-summer sample. 
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Brant-same periods) while their species overlap did not 
change. White-fronts and brant showed relatively little 
Gvertap-onw even less Sitinil arrt ys. thei specice overlap 
decreased with time while their similarity remained 
essentially unchanged (Figures 14 and 15). 

The increase in species overlap between snow geese 
and white~fronts was not due to an extensive exchange of 
helminths. They consistently shared 8 to 9 species from 
sample to sample.: Only two species acquired by white- 
fronts after they arrived (Retinometra longivaginata and 
Capi eear La obsignata) could be traced to snow geese (Table 
8); both were present in one white-front in mid-summer. 
Sarconema eurycerca was the only helminth acquired by snow 
geese which was traceable to white-fronts. When their 
overlap was greatest (late-summer), they had minimum 
numbers of species. Changes in overlap were probably due 
to a loss of unshared species of helminths rather’ than the 
acquisition tof new 'species™by* erther,’ or both /1aThis cetard 
gests that there was little exchange of helminths between 
white-fronts and snow geese on the breeding grounds. The 
nature of the community of helminths in young white-fronts 
also supports this contention. 

There was a greater exchange of helminths between 
snow geese and brant than indicated by changes in overlap 
indexes. Several species brought to the area by brant 


were acquired by snow geese and both picked up some 
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104 
cestodes which neither brought to the delta in the spring 
(Table 8). However, one or the other host lost Species 
they had shared previously and gained others not acquired 
by the other host. As a result, their species overlap 
indexes changed little. 

The snow geese became more similar to the arrival 
sample of brant as the summer passed. This is demonstrated 
in Figure 16 where all the samples of snow geese were com- 
pared, to the arrival. sample of brants Figure +17 (Snows- 
late-summer) shows essentially the same thing. That the 
converse was not true is shown by Figure 17 (snows-arrival). 

The convergence of the community of helminths in 
snow geese toward the community brought to the area by 
brant was due to two main factors, 1) snow geese acquired 
parasites introduced to the area by brant and 2) snow geese 
lost their heavy population of Amidostomum spatulatum as 
time went on (Figure Ses wip 49). The latter factor had the 
effect of equalizing the importance of other shared species 
in the two communities in the absence of any change in 
their numbers. 

What species of helminths were most important in the 
exchange among geese at Anderson River? None of the 
"uncommon" species were abundant enough to have influenced 
their helminth communities. EBPight species (Zygocotyle 
lunata, Anomotaenia ciliata, Cloacotaenia megalops, Diorchis 


stefanskii, Fimbriaria fasciolaris, Sobolevicanthus gracilis 
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and Wardoides nyrocae) are common ‘parasites of ducks’ and 
all but the latter were recovered from ducks there. They 
probably formed a large segment of duck to geese exchange. 
Wardium creplini is a relatively jcommon cestode of swans 
and may have been acquired by white-fronts from swans. 
Two other uncommon species (Hymenolepis sp. and Gl osis- 
nata) were found only in adult brant and snow geese 
respectively and were not exchanged. Capillaria obsignata 
may have been acquired from galliformes on areas other than 
the breeding grounds since it is a characteristic parasite 
of galliformes (McDonald, 1969b). 

Four typical goose parasites were not exchanged 
(Ornithobilharzia pri ce? Vand VCapill Laria sp.) or were not 
transmitted at all at Anderson River (Apatemon anseris and 
Paramonostomum Speco 

Four’ of’ the common species were either not -trans-~ 
mitted on the breeding grounds (Catatropis pricei) or were 
not exchanged between geese. (Echinostoma revolutum, Retino- 
metra venusta and Tetrameres fissispina). The latter group 
may have been exchanged to some degree with ducks. The 
remaining 14 common species were present in at least two 
host groups for most of the summer and comprised 86-99% of 
the total. number of worms in each sample. These 14 species 
were the major determinants of the species overlap indexes 
and the indexes of similarity covered above. The descrip- 


tion of the patterns of exchange of these helminths among 
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the geese entailed measuring their populations in the geese 
(Appendices arid oi and considering the concept of an 
"InLlective pool". 

Mature helminths release preproductive products 
(eges, larvae) into the environment (or LO vectors). Lis 
suedding of reproductive products builds up a “pool”. of 
infective stages which may provide, directly or indirectly, 
a source of infection to the same or other hosts using the 
area. The development of an infective pool is necessary 
for the transmission and exchange of helminths, Definitive 
hosts contribute to this pool and draw from it for new 
infections. The only available estimate of the magnitude 
of each host group's contribution to the pool was an in- 
direct one, namely, the number of mature worms in the 
population. 

An estimate of the number of each species of hel- 
minth per hundred birds (prevalence times median intensity) 
was calculated. This was done for each of the helminths 
in each host group during each of the collection periods. 
These estimates were multiplied by a weighting factor, 
which is a subjective estimate of the relative abundance 
of each host group and the degree of association of that 
group with the others. This weighting factor which can be 
called the "effective density" was assigned as follows: 
adult snow geese 1.0, young snow geese 2.0, adult brant 


0.25, young brant 0.50, adult white-fronts 0.10, young 
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white-fronts 0.20. The timing of the samples made three 
estimates of the status of each pool possible. The results 
are presented in pie diagrams (Figures 18 and 19) where the 
diameter Or each pie 1S proportional. vto the total numberor 
Mature worms in all host groups. 

Figure 18a represents the number of infective pools 
(of the 14 species) established and then maintained by 
each of the host groups. It was derived by converting the 
Eoierpoliton of each host. group to a proportion of the total 
infective pool far each of the 14 helminths. This was done 
separately for each sample. These proportions were then 
summed for each host group in each sample, thereby arriving 
at a value which was equivalent to the number of species 
out of 14 that were established (in the arrival sample) or 
maintained (mid- See eee ante samples) by each host 
group. The diameter of each pie in Figure 18a is constant 
because the total number of species considered was constant. 

Adult snow geese and brant brought about equal pro- 
portions of the initial pools or nuclei of infection to the 
Genta in the spring. Each established the nucleus for the 
equivalent of about six species. White-fronts contributed 
the nucleus for the equivalent of two species. 

Snow geese and white-fronts (including their young) 
became more important in the maintenance of the pool of 
infective stages over the summer while. the role of brant 


diminished (Figure 18a mid- and Late-summer). In all cases, 


Figure 18. 
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Diagrammatic representation of the roles 
played by various host groups in the estab- 
lishment and maintenance of pools of infective 
stages for some "common" helminths exchanged 
among the geese at Anderson River, N.W.T. 

A. Combined pool for the 14 "common" species 
B. Retinometra longivaginata 

C. Epomidiostomum crami 

D. Amidostomum spatulatum 

Eo Uschertkovilepie  krabbes. 

S = Snow adults, Sy = snow young, 

W = White-front adults, Wy = White-front voude 


B.= Brant adults, By = Brant young. 
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Figure 19. Diagrammatic representation of the roles played 
by various host groups in the establishment and 
maintenance of pools of infective stages for 
some "common" helminths exchanged among the 
geese at Anderson River, N.W.T. 

A. Drepanidotaenia barrowensis 

B. Drepanidotaenia lanceolata 

G. “Uschertkovilepis seticera 

D. Heterakis dispar 

EF. Amidostomum anseris 

FF. Notocotylus attenuatus 

S = Snow adults, Sy = Snow young, 

W = White-front adults, Wy = White-front young, 


B = Brant adults, By = Brank youre. 


(Qe OOHG w an 
22 0ox@ 


wa 


iy the establis y nt 


mecolata 
Se 
a 


gat igere 


o> - 


nuatus 
a ea 


1.10 
young geese contributed as much or more than their adults 
in late-summer. 

Three basic patterns of exchange were apparent when 
individual species of helminths were considered. 1) Hel- 
minths were brought to the area by one main host and 
Maintained primarily by that host with some contribution 
from other host groups. 2) Helminths were brought to the 
delta iby one or more hosts’and were thereafter acquired by 
others so that no one host group maintained the major por- 
Gaonhof o6therpooks. 3) Helminths were brought to the area 
by one main host but thereafter maintained by one or more 
of the other host groups. 

Helminths in the first category were brought to the 
area by snow geese or white-fronts. Retinometra longivagin- 
ata, Fpomidiostomum erami and A. spatulatum were established 
and maintained primarily by adult snow geese (Figure 18b, 

c, d). Two species (03-3) eurycerca and Tetrameres sp.) were 
established and maintained by white-fronts. The populations 
of all of the helminths in this group, except R. longivagin- 
ata, remained at a rather steady level or decreased 
markedly, suggesting that relatively little transmission 
occurred, 

Some of the helminths in this group illustrate the 
effect of habitat on helminth faunas and how segregation of 
hosts affected exchange between them. Sarconema eurycerca 


was abundant in white-fronts but only a limited amount of 
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exchange occurred with snow geese and none with brant 
(Table 8). The infective pool for this filarid was prob- 
ably present in black flies (Simuliidae) on tothen baiting 
insects which were abundant in dense cover favoured by 
white-fronts. A close association of vector and definitive 
host was responsible for the prevalence of Sarconema in 
white-fronts. Other geese had little opportunity to be- 
come infected since neither biting insects nor white-fronts 
were abundant on areas of the delta used by them. Swans, 
on the other hand, are known to be hosts of S. eurycerca 
(McDonald, 1969b) and were generally more closely associated 
with white-fronts than were snows or brant. Swans may have 
been important in the circulation of this helminth. 

An interesting aspect of the host-parasite relation- 
shapwinvolving 5S. Be adpae was the apparent lack of 
pathology in white-fronts, even in infections of up to 18 
worms. Gross pathology was always noted in snow geese and 
Kluge (1967) and Holden and Sladen (1968) reported eens 
in swans. ‘This is suggestive at least (along with the 
data presented above) that white-fronts serve as normal 
reservoir hosts and that pathological infections in swans 
and snow geese are the result of abnormal host-parasite 
reletionushbipsns dthissyecould) be very, important,an, terms,of 
the competence of the latter hosts in maintaining infective 
pools. 


Amidostomum spatulatum (Figure 18d) was very abundant 
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in snow geese but was apparently not transmitted to them 
on the breeding grounds. Transmission to white-fronts 
apparently did occur (prevalence and intensity increased 
over the summer, Table 8) but due to their upstream loca- 
tion, the pool of infective stages maintained by snow geese 
in the middle and outer delta was probably not the source 
of new infections in white-fronts. As pointed out earlier 
(p. 53), snow geese acquired the majority of their infec- 
tions along the spring migration route in areas of similar 
ecology to those used by white-fronts throughout the summer 
but frequented by snow geese only on spring migration. 
White-fronts a taHRS been exposed to the infective pool 
(which was the original source of infections in snow geese 
ana ohne *continuine “source @forViniections tof white-fronts) 
throughout the en ey 

In view of the abundance of A. spatulatum in snow 
geese in the spring, it is likely that they were responsible 
for the establishment of the pool of infective stages up- 
stream to the Anderson River where ecological conditions 
were conducive to transmission. ‘Thus infections in white- 
fronts were probably the result of an exchange with snow 
geese which occurred before the snows reached their nesting 
sites on the middle and outer delta. Snow geese carried 
their A. spatulatum population with them to their breeding 
areas but for unknown reasons, a competent infective pool 


was apparently not established there. Proper conditions 
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for larval development may not have been present on the 
delta while they were apparently present further upstream 
in areas used by white-fronts. Some inhibiting factor on 
the delta, such as the high salinity of the soils (see 
Barry , 1967) or flooding of the area may have been res- 
ponsible for these differences. At any rate, differences 
in the ecologies of their preferred habitats produced 
differences in the degree of exposure of white-fronts and 
snow geese to the pool of infective stages of A. spatulatum. 
Their segregation on the breeding grounds precluded any 
further exchange of the helminth between then. 

Epomidiostomum crami (Figure 18c) was abundant in 
all three species of geese and was transmitted to the young 
of all three (Table 8). However, snow geese contributed 
the major portion Peiovective stages mainly because of 
their greater density. This helminth also appears to be 
somewhat better adapted to snow geese and white-fronts. 

Infections in snows and white-fronts were most 
Prequently encountered under the’ crushing plates with less 
frequent infections of the lining and muscularis. In 
brant, infections were encountered only in the muscularis, 
In any of the geese, infections in the latter location 
produced necrotic lesions surrounded by fibrous connective 
Lascsue, and antaltratine leucocytes (Figure 20)5 Because of 
their more frequent occurrence in the muscularis of brant, 


infections in brant are probably more pathogenic than are 
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Figure 20. Section of gizzard ae 


a hs 
those in: the other hosts. The shedding of eggs from 
lesions may also be difficult unless the worms migrate out 
(no evidence of this was seen except in the other hosts). 
such infections could be a dead end as far as the worm is 
concerned, so that the contributions of brant to the 
infective pool (Figure 18c) may have been much less than 
indicated. 

Tschertkovilepis krabbei and Trichostrongylus tenuis 
were the only helminths in group two. They were brought 
to the delta by all three species and were acquired by the 
youne of ail (Figure 18e, fe) le Transmission and exchange of 
these helminths was extensive with young and adult snow 
geese contributing most to the pools of infective stages 
because of their greater density. 

Trey greatest number or species fell into the third 
Cactesory. ~“Ihree of these species (Drepanidotaenia barrow- 
ensis, Drepanidotaenia lanceolata and Tschertkovilepis 
setigera), were brought to the delta by brant but were 
maintained primarily by young snow geese (Figure 19a, Db; Gi 
Adult snow geese and young brant were also relatively 
important contributors, particularly at mid-summer. 
Heterakis dispar was brought to the breeding grounds by 
brant. but was maintained primarily by young brant (Figure 
19d). In all cases, the populations of individual worms 
increased dramatically over the summer, indicating that 


transmission and exchange was extensive, 
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These helminths, along with those in the second 
category, are the best examples of the significant exchange 
which occurred between snow geese and brant and explain, in 
part, the great similarity of the faunas of young snows and 
adult brant. 

The third category also contained Amidostomum anseris 
which was brought to the area primarily Be snow geese 
(mostly because they were most abundant) and was thereafter 
maintained by other adult geese (Figure 19e). The popula- 
tion of the worm decreased to the extent that only a few 
immature worms were present in young brant and white-fronts 
at late-summer. Transmission of the worm at Anderson River 
was minimal. 

The other species in the third category (Notocotylus 
the area by snow geese and brant respectively, but were 
maintained primarily by young white-fronts (Figure Log), 
However, young white-fronts were taken from upstream loca- 
tions where they could have had little contact with the 
pools established by snow geese or brant. Infections in 
ducks may have been the major source of the pool of infec- 
tive stages for N. attenuatus (a common helminth of ducks) 
while swans may have provided the major source of infection 
with P. philactes (one of four swans examined had 160 Ps 
philactes). The upstream location of white-fronts would 


have made contact with these latter host groups more likely 
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than contact with other geese. 


General Discussion 

There was apparently little exchange of helminths 
between geese and other anseriformes. A relatively large 
proportion (9 of 33) of the species recovered could be 
traced to ducks or swans, but none of them was very abund- 
ant in the geese (in total, only 0.5% of the individual 
worms ) so that the degree of exchange was small. In 
addition, only one helminth was present which could be 
traced to birds other than waterfowl. This is suggestive 
at least, that geese have helminth faunas rather character- 
astic of their ecological station. 

The majority of the exchange occurred between geese 
and involved common _species which may be considered typical 
of geese. The prominence of the common species in young 
geese and the relative scarcity of other forms provides 
SS 2Oue scupport. for this contention. It ws also significant 
that few of these species were exchanged with other water- 
fowl. Those species that were possibly exchanged with ducks 
or swans were generally more important in the community of 
helminths of white-fronts, whose habitat preferences and 
low effective density limited exchange between them and 
other geese. 

Snow geese and their young played central roles in 
the exchange of helminths, as was expected because of their 


abundance. Adult snows contributed the major portion of 
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12.8 
the nucleus of infection for helminths which were relatively 
abundant in,other hosts.as:well., They also, played a,major 
role in the maintenance of those pools. Young snows ac- 
quuvred relatively high, populafions, of) somexof, those hel- 
minths, complementing the, role of, the adults. In addition, 
young snows picked up large populations and were the major 
factor in the maintenance of Beha: helminths introduced by 
brant. Most helminths which were transmitted extensively 
ar anderson River therefore, wene,circulated yprimarily 
through snow geese. 

Despite their much lower density, brant were very 
important in the exchange of helminths because they 
brought helminths to the delta which were not present in 
other geese. Their coastal migration route apparently 
exposed them to infective pools (mostly of cestodes) which 
were unavailable to other geese on their inland routes, 
Their close association with snow geese on the breeding 
grounds and the resultant, transfer of those helminths to 
snow geese (particularly the young) had a profound effect 
on the community of helminths in snow geese. 

White-fronts played a minor role in the exchange 
of helminths because of their low density and lack of con- 
tact with other geese. Exchange between white-fronts and 
anseriformes other than geese was more common, but involved 
different helminths than those exchanged between brant and 


snow geese. In addition, the pools of infective stages 
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which maintained infections of the very common species in 
white-fronts probably constituted pools distinct from those 
which served as sources of infection of the same helminths 
ine prac and "snow geese.* ~ in’ view of thie absence’ of signifi- 
cant exchange between snows and white-fronts on the breeding 
grounds, the relatively high similarity of their faunas 
suggests that more exchange between them occurred elsewhere. 
itieaseens likely thatethe “overlapping portion’ of their spring 
migration route, where they were most closely associated, 
provided opportunities for‘exchange. Their similarities 
were probably hold-overs from that exchange. 

In general, the degree of contact between host 
groups and their associated infective’ pools influenced the 
degree of exchange which occurred between them on the delta 
proper. Where traxt wast TAUt1S?orens”*ctntact (e. =e. 5 
between snows and white-fronts) there was limited exchange. 
Where contact was more frequent and prolonged, the exchange 
of helminths was enhanced. 

Young geese were most closely associated with their 
parents and generally acquired helminth communities most 
like those of their parents. Although young white-fronts 
conformed to this generalization, their community was 
dominated by helminths probably acquired by virtue of close 
association with ducks and swans and showed little similar- 
2ty"toVany“or’ those present’ In other geese.» Youngs siow 


geese were an exception which can be explained on the basis 
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of) degree, of -assocaation-with, other host; groups. 

The, acquisition.of)a helminth community by young 
snow geese was strongly influenced by the two host groups 
with which they had closest contact, their parents and 
adult brant. Helminths such as Tschertkovilepis krabbei, 
E. crami and T. tenuis were acquired mainly from adult 
snow, geese, while,other, helminths (D1 barrowensis, D..lance- 
olata, Tschert. setigera and H. dispar) originated from 
infections in brant. The greater similarity between the 
faunas of young snows and adult brant (relative to the 
young snow-snows similarity) was brought about by a complex 
of factors which favored transmission of cestodes (most 
prominent in young snows and brant) but did not favor 
transmission of the nematodes which were so prominent in 
adult snow geese. oe effect, young snow geese acquired 
helminths from a number of infective pools regardless of 
Lied ite OF Pin. y Lhevyedidenotaehave.aiclosemassociation with 
brant. than with their adults, but.helminths. which dominated 
thestauna of, adult) snow,geeseiwere- not as<extensively 
transmitted on the Anderson River Delta as those brought 
int Dyebrant. 

The measures of exchange (species overlap and in- 
dexes of similarity) sometimes gave false impressions of 
the degree of exchange, and,had to be, interpreted in the 
light of supporting data. For instance, a greater species 


overlap index between snow geese and white-fronts at 
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Lid 
late-summer when both hosts had reduced numbers of species, 
suggested that there had been an exchange of helminths or 
a mutual acquisition of the same new species. In actual 
fact, the number and identity of their shared species 
remained constant so that the apparent exchange was not 
Peat. SSini larly, the »eduction. ofitthe! population off a 
dominant helminth by one host ee (fe rely A. spatulatum in 
snow geese), which was absent or less abundant in other 
groups, ‘had “the, effect tof ancreasins ‘thes proportions) fof 
other species in. the fauna, resulting in greater similarity 
to other faunas without any exchange. 

Although the helminths exchanged between geese in 
thi ss tudy"are ‘apparently icharacteristic of geese, they 
were not equally abundant in all hosts (Appendices (Rk re 
Bey ys indicating, ee other things, that some geese are 
better hosts for particular species of helminths than 
others. The exchange of such helminths among several 
species of geese presents the possibility that parasites 
which are more or less specific to one host will: get into 
hosts which are unable to cope with infection. This could 
be the case with "pathogenic" infections of E. crami in 
brant and 5. eurycerca in snow geese. in both cases, the 
finding of these helminths in those hosts constituted new 
host records and was the result of exchange with other 
hosts. The pathology noted could be the result of new, 


poorly adapted host-parasite relationships which might have 
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deleterious effects on both the parasite (in terms of 
completion of its life-cycle) and the host. Future studies 
concerned with helminth exchange among groups of ecologi- 
cally associated hosts would gain much from a comparative 
study of host-parasite interactions as they affect the 
well being .of both. In view of the slowly shrinking 
natural habitat available to piles ae waterfowl, associa- 
tions with each other and other host groups could become 
more prevalent, thereby increasing the probability of 
exchange among them. This could result in more frequent 
occurrences of eae associated with abnormal host- 
parasite interactions which may prove significant in terms 


of management of waterfowl populations. 
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